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By Gentry Lee, Ralph e ,  D r .  Doyle Vogt, 
Shearon Pearson, and Eva Demlow 
SUMMARY 
This document p re sen t s  t h e  formula t ion ,  computational l o g i c ,  
input /output  op t ions ,  sub rou t ine  d e s c r i p t i o a  and o t h e r  p e r t i n e n t  
in format ion  t h a t  should a i d  t h e  u s e r  of t h e  Simulated T r a j e c t o r i e s  
E r r o r  Analysis  Program (STEAP). 
The program has  f o u r  modes of ope ra t ion  - -  t r a j e c t o r y ,  t a r g e t -  
i ng ,  e r r o r  a n a l y s i s ,  and s imula t ion .  The t r a j e c t o r y  and t a r g e t i n g  
modes are  based OR a n  n-body subrou t ine  t h a t  u s e s  t h e  v i r t u a l  mass 
o r  v a r i c e n t r i c  technique .  The fundamental t echnique  used i n  de- 
veloping t h e  e r r o r  a n a l y s i s  and s imula t ion  modes i s  t h e  Kalman re- 
c u r s i v e  f i l t e r  a lgor i thm.  
I. INTRODUCTION 
This  document i s  concerned w i t h  t h e  des ign  and implementation 
of a d i g i t a l  computer program t o  f a c i l i t a t e  t h e  s tudy  of i n t e r -  
p l a n e t a r y  t r a j e c t o r i e s .  This volume is  a companion t o  Volume 11 
( a n a l y t i c a l  manual) of t h e  f i n a l  r e p o r t  under NASA-Langley Con- 
t r ac t  NAS1-8745. 
The Simulated T r a j e c t o r y  E r r o r  Analys is  Program (STEAP) is  a 
F o r t r a n  program t h a t  was w r i t t e n  and checked o u t  u s ing  t h e  CDC- 
6400/6500 d i g i t a l  computer. To minimize p o s s i b l e  system incompa- 
t a b i l i t i e s ,  care h a s  been exe rc i sed  t o  a s s u r e  t h a t  on ly  t h e  b a s i c  
f e a t u r e s  of t h e  system are used. Thus, t h e  program should be op- 
e r a b l e  on most CDC equipment. 
The program i s  d iv ided  i n t o  f o u r  o p e r a t i o n a l  modes. The f i r s t  
mode, t r a j e c t o r y  mode, gene ra t e s  an n-body i n t e r p l a n e t a r y  t ra jec-  
t o r y  us ing  v i r t u a l  mass concepts .  The second mode determines ne- 
c e s s a r y  i n j e c t i o n  cond i t ions  f o r  t a r g e t i n g  t o  c e r t a i n  c o n s t r a i n t s  
n e a r  a t a r g e t  p l a n e t  and is  des igna ted  t h e  t a r g e t i n g  mode. The 
t h i r d  o p e r a t i o n a l  mode is called the e r r o r  a n a l y s i s  mode. The 
primary f u n c t i o n  of t h i s  mode i s  t o  provide t'he c a p a b i l i t y  f o r  
e r r o r  s t u d i e s  wi th  vary ing  s t a t i s t i c a l  i n p u t .  Various measure- 
ment d a t a  are obta ined  and processed through a n  optimum r e c u r s i v e  
f i l t e r .  The f o u r t h  mode i n  which t h e  program can  be exe rc i sed  i s  
t h e  s imula t ion  mode. This  mode tests t h e  convergence of t h e  o r -  
b i t  de te rmina t ion  process  and has  t h e  c a p a b i l i t y  t o  s imula t e  mid- 
course  c o r r e c t i o n s .  
The remaining c h a p t e r s  of t h i s  document d i s c u s s  t h e  v a r i o u s  
inpu t lou tpu t  op t ions ,  main program s t r u c t u r e ,  sub rou t ine  desc r ip -  
t i o n s ,  flow c h a r t s  and example runs .  
2 
X I @  INPUT OPTIONS 
THIS SECTION CONTAINS A COMPLETE DESCRIPTION OF THE INPUT 
NECESSARY FOR EACH OF THE MODES OF OPERATION I N  ADDITION TO ANY 
OPTIONS AVAILABLE. 
I F  THE TARGETING MODE IS TO BE USED PROCEED DIRECTLY TO PART B e  
THE FOLLOhiING COMMENTS ARE APPLICABLE TO THE REMAINING MODES. 
THE FIRST CARD WHICH SHOULD BE READ CONTAINS THE VARIABLE IRUNX 
WHICH INDICATES HOW MANY DIFFERENT RUNS ARE TO BE MADE. THIS 
NUMBER SHOULD BE PLACED ON THE CARD ACCORDING TO AN I 1 0  FIELD. 
INPUT 
--NOTE--THIS NUMBER I S  ONLY READ ONCE EACH TIME THE PROGRAM I S  
THE NEXT CARD SHOULD CONTAIN THE VARIABLES IPRO AND ITR WHICH 
GIVE THE PROBLEM IDENTIFICATION AND A CODE NUMBER INDICATING 
WHICH MODE TO BE USED FOR THIS PROBLEM* THE FORMAT I S  2110. 
--NOTE--THIS CARD SHOULD PRECEDE THE INPUT FOR EACH RUN. 
I TR -- -- TRAJECTORY MODE 
=3 -.I ERROR ANALYSIS MODE 
=4 -- SIMULATION MODE 
A .  I F  THE TRAJECTORY MODE I S  TO BE RUN, THE DATA IS INPUT THROUGH 
THE USE OF 
VARIABLES. 
X I  
I C O O R  
RDS 










L Y R  
A NAMELIST ENTITLED TRAJ WHICH INCLUDES THE FOLLOWING 
A VECTOR CONTAINING THE I N I T I A L  POSITION AND 
VELOCITY OF THE VEHICLE 
--NOTE--THIS VECTOR I S  READ ONLY I F  ICOOR = 0 ~ 1 ~ 2  
A CODE TO DETERMINE WHAT COORDINATE SYSTEM THE 
I N I T I A L  STATE VECTOR I S  IN. I F  THIS CODE 1s NOT 
=O -- HELIOCENTRIC ECLIPTIC 
=1 -- GEOCENTRIC EQUATORIAL 
=2 -- GEOCENTRIC ECLIPTIC 
=3 JPL CONDITIONS (RDSVPHIPTHETAVVELPGANMAI 
EARTH-CENTERED INJECTION RADIUS 
DECLINATION 
INJECTION RIGHT ASCENSION 
INERTIAL INJECTION SPEED 
INJECTION PATH ANGLE 
INJECTION AZIMUTH 
--NOTE--THESE CONDITIONS ARE INPUT ONLY I F  
LAUNCH MONTH (INTEGER) 
LAUNCH DAYS (INTEGER) 
LAUNCH HOURS (1,NTEGER) 
LAUNCH MINUTES (INTEGER) 
LAUNCH SECONDS (FLOATING) 
LAUNCH YEAR (INTEGER) 
INCLUDED I N  THE NAMELIST, I T  IS ASSUMED T O  BE 2. 
S I G M A )  





I M I N  
SEC I 










MONTH OF FINAL COMPUTATION 
DAY OF FINAL COMPUTATION (I 
HOUR OF F INAL COMPUTATION (INTEGER) 
MINUTE OF F INAL COMPUTATION (INTEGER) 
SECOND OF FINAL COMPUTATION (FLOATING) 
YEAR O F  F INAL COMPUTAT~ON (INTEGER) 
LENGTH UNITS PER AeU. 
--NOTE--IF ALNGTH I S  NOT READ XNc THE LENGTH UNITS 
ARE ASSUMED TO BE KILOMETERS (ALNGTH=149598500.) 
TIME UNITS PER DAY 
--NOTE--XF TM I S  NOT READ I N @  THE TIME UNITS ARE 
NOMINAL TRAJECTORY MODULE CODE 
=1 -- PATCHED CONIC (NOT SUPPLIED WITH THIS PROGRAM) 
=2 -- VXRTUAL MASS 
--NOTE--IF NOT INPUT, CODE 2 I S  ASSUMED 
I N I T I A L  TRAJECTORY TIME (ASSUMED ZERO IF NOT 
READ I N )  
NUMBER OF BODXES TO BE CONSIDERED I N  ANALYSIS 
--NOTE--IF NBOC) IS NOT INPUTI I T  15 ASSUMED TO BE 3 
(SUN# LAUNCH PLANETI TARGET PLANET) 
ARRAY OF CODES OF BODIES 
=1 -- SUN 
=2 -- MERCURY 
=3 "* VENUS 
=4 -- EARTH 
=5 -- MARS 
=6 -- JUPITER 
=7 -- SATURN 
18 --. URANUS 
=9 -- NEPTUNE 
=lo--  PLUTO 
=1k-- EARTHS MOON 
--NOTE--NB(2l=LAUNCH PLANET 
NB(3)=TARGEP PLANET 
ASSUMED TO BE SECONDS, (TM=B64OO.) 
INFORMATION I S  NECESSARY ONLY I F  NTMCz2. 
EPHEMERIS CODE 
=O -- PLACE EACH P ANET I N  ELLIPSE 
THE DATE AT HICH THIS ELLIPSE I S  
DETERMINED BY READING I N  A 
CH I S  ENTITLED AS THE NAME OF 
THE PLANE? CONSIDERED. THIS VARIABLE 
SHOULD CONTAIN S I X  NUMBERS SPECIFYING THE 
MONTH, DAY@ HOURI MINUTEPSECONDI AND 
--NOTE--IF THESE VARIABLES ARE OMITTED FROM 
THE NAMELIST THE FOLLOWING RULES WILL BE 
APPLfEOe 
NB(2)  AT LAUNCH DATE 
NB(3)  AT TARGET DATE 
MOON AT SAME DATE AS EARTH 
YEAR. (EXAMPLE*,EARTH=7r24rSri5t38r1973) 
ALL OTHERS AT TARGET DATE 
=1 -- CALCULATE ORBITAL ELEMBBTS FOR EACH PLANET 
--NOIE--ONE IS ASSUMED I F  OMITTED FROM INPUT 
EACH TIME INTERVAL 
IPRINT -- PRINT CODE FOR VIRTUAL M 
=O ALL OUTPUT WILL BE PRINTED 80TH I N I T I A L L Y  AND 
(ASSUMED I F  NOT INPUT I N  TRAJECTORY MODE) 
=1 OUTPUT WILL BE SUPPRESSED AT THE BEGINNING AND 
FINAL STEPS 
(ASSUMED I F  NOT INPUT I N  ERROR ANALYSIS MODE 
AND SIMULATION MODE) 
FINALLY AS USUAL 
I S P 2 '  -- CODE FOR VIRTUAL MASS.TRAJECTORY 
=O CONTINUE INTEGRATING TO FINAL TIME 
--NOTE--ISP2 I S  ASSUMED ZERO I F  NOT INPUT 
TEGRATING WHEN SPHERE OF INFLUENCE 
E T  PLANET I S  ENCOUNTERED. 
ACC -- ACCURACY FIGURE (ASSUMED 1.E-6 I F  NOT INPUT) 
DELTP -- PRINT INTERVAL ( I N  OAYS)--ASSUMED 3. I F  NOT INPUT 
XN TRAJECTORY MODE. I F  NOT INPUT I N  ERROR ANALYSIS 
MODE OR SIMULATION MODE DELTP I S  ASSUMED 1eE50. 
INPUT I N  TRAJECTORY MODE. I N  ERROR ANALYSIS OR 
SIMULATION MODE ASSUMED 7777777 I F  NOT INPUT) 
INPR -.- PRINT INTERVAL (INCREMENTS) (ASSUMED 1 0 0  I F  NOT 
B. THE ENTIRE INPUT REQUIRED BY THE TARGETING PROGRAM I S  SUPPLIED I N  
S I X  CARDS WITH EACH INDIVIDUAL CARD CONTAINING UNIFIED DATA. THE 
(SEQUENTIAL) CARDS AND THEIR REQUISITE FORMAT ARE LISTED BELOW* 
CARD 1 =.* IDAT1(5) ,51 , IDAT2(5) ,52  
CARD 2 -- NBODI NB(NBOD1 
FORMAT ( 1 2 ~ 3 X ~ 1 1 1 5 )  
CARD 3 -- INJEK, RS(6)  
CARD 4 -- I T A R G r  TARGl, TARG2, TOL1, TOL2r TOL3 
CARD 5 -.. ISKEJI AC(1SKEJ) 
CARD 6 -- NITS, INCPRI TIMPRI BDELV 
FORMAT ( ISr413rF7.3 ,5X114,413rF7.3)  
FORMAT (12,2X,3E15.$03E10*3) 
FORMAT ( 1 2 ~ 2 X ~ 5 F 1 5 r 5 )  
FORMAT ( I 2 ~ 6 X ~ 7 F 1 0 . 8 )  
FORMAT ( I 2 r 7 X t I 5 r 5 X 9 F 9 r 4 r F l I r B )  
THE DEFINITIONS OF THE ABOVE DATA ARE SUMMARIZED 8ELOW. 
I O A T l p S l  THE I N I T I A L  TIME. I D A T l  I S  A 5-VECTOR COMPOSED OF 
THE XNITIAL YEAR~MONT~~DAY~HOUR,ANO MINUTE. S1 DE- 
NOTES THE SECONDS. I F  I N J E K = l t  THIS TIME I S  SPECI- 
F I E D  ONLY TO THE DAY. I F  INJEKZ2, THE TIME SHOULD 
BE PRESCRIBED TO THE NEAREST THOUSANDTH-SECOND. 
IOAT2tS2 . THE TARGET TIME. I F  I T A R G = 1 ~ 2 r 5 r 6  THIS I S  THE TIME 
AT CLOSEST APPROACH OF THE TARGET PLANETI I F  ITARG 
= 3 # 4  THIS I S  THE TIME AT SPHERE OF INFLUENCE OF 
THE TARGET PLANET@ 
I N  THE INTEGRATIONI 
OF THE GRAVITATIONAL BODIES. THE SECOND BODY I S  
ASSUMED TO BE THE LAUNCH PLANET, THE THIRDP THE 
NBOD -- THE NUMBER OF GRAVITATIONAL BODIES TO BE CONSIDERED 







TARGET PLANET. THE N U M ~ E R I N ~  SYSTEM ASSIGNS THE 
INREX I TO THE SUNP 2 TO MERCURYP 3 TO VENUSI 1) TO 
EARTH, 5 TO MARS, 6 T O  JUPITER, 7 TO SATURNI 8 TO 
URANUS, 9 TO NEPTUNE, IO TO PLUTO, AND 11 TO THE 
EARTHS MOON* 
I S  TO BE USED, 
-- GNATING WHICH OF TWO INJECTION OPTIONS 
I F  XNJEK = 1 - THE POINT-TO-PO NT CONDITIONS 
ARE TO BE COMPUTED AND USED AS 
THE ZERO ITERATE INJECTION 
C O N D I T I O ~ S ~  
CONDITIONS ARE READ I N *  
2 - THE ZERO ITERATE INJECTION 
ea. THE ZERO ITERATE ON POSITION AND VELOCITY I N  
HELXOCENTRlC ECLXPTZC COORDINATES. IF INJEK = 1~ 
THE CORRESPONDING C O ~ U M ~ S  ARE LEFT BLANK, -_ A F L A G  DESIGNATING WHICH OF S I X  TARGET OPTIONS ARE 
TO BE I N  EFFECTo THE OPTIONS ARE 
TO-POINT C~NDXTIONS 
2 PATCHED CONIC CON~ITZONS (UNBIASED PTP) 
4 BIT# B.RP T S I  
5 APPROXIMATE R C A P  I C A I  TCA 
6 EXACT R C A r  I C A P  T C A  
A ~ ~ T E ~ s *  THE PARAMETERS HAVE THE FOLLOW- 
TIONS DEPENDING ON THE TARGET 0PTIO.N. 
A R G ~  TARG2 
l r 2  
3?4 B a T  (KM) BeR ( K M )  
5#6 ZNC (DEG] RCA (KM) 










TARGET PARAMETERS AC- 
l T A R G  T O L l  TOL2 TOL3 
l r 2  DO MOT APPLY 
C.  I F  ThE EkKOR AKALYSIS MODE. 15 TO E3E HUN( A NAMELIST ENTITLED 
F_RRAI\I 15 HEAU Wt1lCt.1 INCLUDES ALL O F  THOSE VARIABLES USED I N  THE 
TKAJEC70KY MOUE PLUS THE FOLLOWING. 
I AUG -- AUGblElUTAT ION FLAG 
= 1 STATE VECTOR CONSISTS OF POSITION AND 
VELOCITY OF VEHICLE (NDIM = 6 )  
-.. ALL HtMAINING CODLS INDICATE STATE VECTORS WITH 
AUGMtNTED INFORMATION AS NOTED -- 
= 3  
= 4  
= 5  
= 6  
= 7  
= 8  
= 9  
= 1 0  
= I1 
STATIOK LOCATION PARAMETERS (NDIM = 9) 
(GEOCENTRIC RADIUS, LATITUDE$ LONGITUDE) 
MU OF SUN AND MU OF TARGET PLANET (NDIM = 8) 
S I X  MEASUREMENT BIASES (RANGE BIAS, RANGE- 
HATE BIAS, THREE STAR ANGLE RIASES, APPARENT 
PLANET DIAMETER HIAS)  (NDIM=12) 
THHEE EPHEMERIS BIASES OF TARGET PLANET 
(SEMI-MAJOR AXIS BIAS, ECCENTRICITY BIAS, 
INCLINATION B I A S )  (NDIM=9) 
NINE STATION LOCATION PARAMETERS (NDIM=15) 
(THHEE FROM EACH OF THREE STATIONS) 
THREE STATION LOCATION PARAMETERS PLUS MU OF 
SUN ANU MU OF TARGET PLANET (NDIM = 11) 
THRkE STATION LOCATION PARAMETERS AND S I X  
MEASUREMENT BIASES [NDIM=15) 
MU OF SUN; MU OF TARGET PLANET, THREE 
EPHEMERIS BIASES (NDIM=11) 
S I X  MEASUREMENT BIASES AND THREE EPHEMERIS 
BIASES (NDIM=15) 
THHEE STATION LOCATION PARAMETERS PLUS MU 
OF SUN, MU OF PLANET, S I X  MEASUREMENT 
BIASES (NDIM=17) 
NCrJT -- NWJUkR OF ENTRIES I N  THE MEASUREMENT SCHEDULE 
THIS I S  ASSUMED ZERO I F  I T  I S  NOT INPUT 
--hOTE--THE MEASUREMENT SCHEDULE ITSELF I S  NOT 
IKKEDIATLEY FOLLOWING THE NAMELIST 
SChED(1) SCHED(2) SCHED(3) MEAS 
F10  e 0 F l O e O  F10  e 0 I 1 0  
DAY1 TO DAY2 EVERY X DAYS W *  CODE 
THE CODE I S  DETERMINED BY THE FOLLOWING L I S T  
=1 RANGE-RATE -I IDEALIZED STATION 
=2 RANGE, RANGE-RATE -- IDEALIZED STATION 
=3 RANGE-RATE -- STATION 1 
=4 KANGE, RANGE-RATE -- STATION 1 
=5 HANGE-HATE -- STATION 2 
=6 RANGE, RANGE-RATE -- STATION 2 
=7 RANGE-RATE -- STATION 3 
=8 ilANGEv RANGE-HATE -- STATION 3 
=9 THREE STAR PLANET ANGLES 
= I O  APPARENT PLANET DIAMETER 
READ I N  THE NAMELIST. I T  WILL BE READ 
I d t V 1  -- NUMBER OF EIGENVECTOR EVENTS (ASSUMED ZERO, I F  
NOT HEAD) 
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ARRAY OF TIMES AT WHICH EIGENVECTOR EVENTS OCCUR 
=o -- ONLY POSITION EIGENVECTORS WILL BE INPUT 
=i -- BOTH POSITION AND VELOCITY EIGENVECTORS 
--NOTE--THIS I S  TO BE INPUT ONLY I F  NEV%eNE*O 
EIGENVECTOR CODE 
(ASSUMED I F  NOT INPUT) 
WILL BE CALCULATED 
HYPERELLPSOID SIGMA LEVEL CODE 
=1 -- SIGMA LEVEL EQUALS ONE 
=2 - SIGMA LEVEL EQUALS THREE (ASSUMED I F  NOT 
=3 -- SIGMA LEVEL OF 60TH ONE AND THREE 
NOT READ) 
ARRAY OF TIMES AT WHICH PREDICTION EVENTS OCCUR 
--NOTE--THIS I S  INPUT ONLY I F  NEV2.NE.O 
ARRAY OF TIMES TO WHICH ONE WISHES TO PREDICT. 
--NOTE--THESE MUST CORRESPOND TO THOSE TIMES 
LISTED I N  T2 AND SHOULD BE INPUT ONLY I F  T2 I S  
INPUT 
NUMBER OF GUIDANCE EVENTS (ASSUMED TO BE ZERO I F  
NOT INPUT) 
INPUT) 
NUMBER OF PREDICTION EVENTS (ASSUMED  ZERO^ IF 
ARRAY OF TIMES AT WHICH GUIDANCE EVENTS OCCUR 
--NOTE--THESE MUST BE INPUT ONLY I F  NEV3rNE.O 
ARRAY OF CODES WHICH DETERMINE WHAT GUIDANCE 
POLICY I S  TO BE USED AT EACH GUIDANCE EYENT 
=1 -- FIXED TIME OF A R R I V A L  
=2 -- TWO-VARIABLE 8-PLANE 
=3 -- THREE-VARIABLE 8-PLANE 
--NOTE--THESE CODES MUST CORRESPOND TO THE TIMES 
AS STATED I N  T3 AND NEED BE INPUT ONLY I F  T3 I S  
INPUT--IF THESE ARE NOT INPUT WHEN T3 I S  INPUT 
THREE VARIABLE BOPLANE I S  ASSUMED 
ARRAY OF CODES FOR GUIDANCE EVENTS TO DETERMINE 
HOW THE EXECUTION ERROR I S  TO BE CALCULATED* 
= 0 CALCULATED DIRECTLY FROM S MATRIX = 1 CALCULATED FROM EIGENVECTOR CORRESPONDING TO 
--NOTE--THESE CODES MUST CORRESPOND TO THE TIMES AS 
I F  THESE ARE NOT INPUT WHEN T3 IS INPUTI OPTION 1 
1s ASSUMED 
VARIANCE OF RESOLUTION ERROR 
ASSUMED 4rE-8  KM**2/SEC**2 I F  NOT INPUT 
VARIANCE OF PROPORTIONALITY ERROR 
VARIANCE OF POINTING ANGLE ALPHA 
VARIANCE OF POINTING ANGLE BETA 
--NOTE-"THE ABOVE SIGMA VALUES MUST BE INPUT ONLY 
MAXIMUM EIGENVALUE O F  S MATRIX. 
STATED I N  T3 AND NEED BE INPUT ONLY I F  T3 I S  INPUT. 
ASSUMED e0001  I F  NOT INPUT 
ASSUMED e0043625 RADIANS I F  NOT INPUT 
ASSUMED e0043625 RADIANS I F  NOT INPUT 






-- -- SAL SLAT 
SLON -- 
U i , V l r h l - -  
I h I T I A L  COVAHIANCE M A T R I X .  
--NOTE--IF THIS MATRIX I s  NOT INPUT, A DIAGONAL 
MATRIX I S  ASSUMED NITH THE LISTED VALUES FOR THE 
NILL HE ZERO 
STATE TRANSITION MATRIX CODE 
=1 -- PATCHED-CONIC (ANALYTICAL) 
=3 -- NUMERICAL DIFFERENCING USING VIRTUAL-MASS. 
--NOTE--IF THIS CODE I S  NOT INPUTPISTMC = 1 I S  
OYNAMIC NOISE FLAG 
=U -- DYNAMIC NOISE IS ZERO--ASSUMED I F  NOT INPUT 
=1 -- DYNAMIC NOISE I S  NOT ZERO 
CUNSTA~TS USED T O  CALCULATE DYNAMIC NOISE (NEED BE 
INPUT ONLY I F  IDNF= l )  
MLASUHEMENT NOSSE F L A G  
=I, -- MEASUREMENT NOISE I S  CONSTANT (ASSUMED I F  
=1 -- MEASUREMENT NOISE I S  TO BE COMPUTED (THIS  
ARRAY O F  VARIANCES FOR EACH TYPE O F  MEASUREMENT 
--IVOTE--IF THIS AHHAY IS OMITTED FROM THE NAMELIST, 
F IRS[  S I X  ELEMENTS O N  THE DIAGONAL. ALL OTHERS 
1. 1. 1. 1 e E-4 1 e E-4 1 .E-4 
=2 -- VIRTUAL MASS (~NALYTICAL)  
ASSUMED a 
NOT READ I N )  
OPTION I S  NOT AVAILABLE WITH THIS PROGRAM). 
THE FOLLOWING A R R A Y  WILL BE ASSUMEDv 
HANGIt ( IDEALIZED STATION) 1 .E-6 
HANGt-RATE (1ljEALTZEf.I STATION) 1.E-12 
RANGE (STATION 1) 1 * E-6 
RANGE-RATE (STATION 1) 1 *E-12 
R A t v G t  (STATION 2 )  1 *E-6 
~UWGE-RATE (STATION 2) 1 e E-12 
RANGE (STATION 3)  1 e E06  
HANGE-RATE (STATION 3 )  1 .E-12 
STAR ANGLE 1 2 * 5E-9 
STAR ANGLE 2 2 e 5E-9 
STAR ANGLE 3 2.5E-9 
APPARENT PLANET DIAMETER 2 * 5E-9 
NUMljER O F  TRACKING STATIONS ON THE ROTATING EARTH 
--NOTE--THIS INFORMATION NEED BE INPUT ONLY I F  
Ii\IC,LUDED I N  THE MEASUREMENTS 15 TYPE 3 r 4 ~ 5 r 6 ~ 7 ~ 8  
I F  NO INFORMATION ON THE TRACKING STATIONS I S  INPUT 
THREE STATIONS WILL BE ASSUMED AS THE FOLLOWING 
ALT LAT LONG 
GOLDSTONE -- 1.031 KM 35r384N 116.833W 
2 .  MADRID -- *OS0 KM 40.417N 3 e 667W 
3.  CANBERRA -- e050 KM 35,3115 149.136E 
ARRAY OF ALT~TUDES OF EACH TRACKING STATION 
ARRAY OF LATITUDES OF EACH TRACKING STATION 
ARRAY OF LONGITUDES OF EACH TRACKING STATION 
--NOTE--THE ABOVE THREE ARRAYS MUST BE INPUT ONLY 
UlRECTION COSINES O F  STAR PLANET ANGLE 1 
(NECESSARY ONLY I F  THIS ANGLE I S  BEING MEASURED) 
I F  THESE ARE NOT INPUT STAR NUMBER 1 I S  ASSUMED 
TO BE CANOPUS WITH 
I F  NST.NE.0 
U 1 = - * 0 6 1 3 5 1 ~  V1=+237886~ Wl=-e969355 
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DEL I C L  
DIRECTION CONSINES OF STAR PLANE ANGLE 2 
(NECESSARY ONLY I F  THIS ANGLE I S  BEING MEASURED) 
I F  THESE ARE NOT INPUT STAR NUMBER 2 I S  ASSUMED 
TO aE BETELGEUSE WITH 
DIRECTION COSINES OF STAR PLANET ANGLE 3 
(NECESSARY ONLY I F  THIS ANGLE I S  BEING MEASURED) 
I F  THESE ARE NOT INPUT STAR NUMBER -3 I S  ASSUMED 
U2=*0289868 V2=*960388? W2=-.277141 
e83134.3~ W3=-*517784 
POSITION FACTOR FOR NUMERICAL DIFFERENCING 
(NEEO BE INPUT ONLY I F  ISTMC=3) 
ASSUMED TO BE 1 KM I F  NOT INPUT 
VELOCITY FACTOR FOR NUMERICAL DIFFERENCING 
(NEED BE INPUT ONLY I F  ISTMC=3) 
A VALUE TO BE USED AS AN OFF-DIAGONAL ANIHILATION 
ELEMENT I N  THE EIGENVECTOR ROUTINE FOR POSITION 
I F  NOT READ I N )  
A VALUE TO BE USED AS AN OFF-DIAGONAL A N I H I L A T I W  
ELEMENT I N  THE EIGENVECTOR ROUTINE FOR VELOCITY 
I F  NOT READ I N )  
AN ALTERNATE STATE TRANSITION MATRIX CODE 
=O I F  DELTM XS GREATER THAN DTMAX (DESCRIBED 
ASSUMED TO BE IeE-4  KM/SEC I F  NOT INPUT. 
EIGENVALUES AND EIGENVECTORS (ASSUMED TO BE i . ~ - i 5  
EIGENVALUES AND EIGENVECTORS (ASSUMED TO BE 1.E-25 
BELOW) CALCULATE P S I  BY USING THE SUN AS THE 
=I. I F  DELTM I S  GREATER THAN DTMAX CALCULATE P S I  BY 
THE MAXIMUM DELTM ( I N  DAYS) SO THAT THE STATE 
TRANSITION MATRIX COMPUTATION I S  CONSIDERED V A L I D  
WHEN USING EITHER THE PATCHED CONIC TECHNIQUE OR 
THE VIRTUAL MASS TECHNIQUE 
(ASSUMED TO BE 8 DAYS I F  NOT READ I N )  
ACCURACY CODE FOR NUMERICAL DIFFERENCING 
=O USE THE SAME ACCURACY FIGURE I N  THE CALCULATION 
OF THE STATE TRANSITION MATRIX BY THE METHOD O F  
NUMERICAL DIFFERENCING AS I S  USED I N  THE 
NOMINAL TRAJECTORY (ASSUMED I F  NOT INPUT) 
DIFFERENCING METHOD TO ACCND (DESCRIBED BELOW) 
GOVERNING BODY. (ASSUMED 0 I F  NOT INPUT) 
NUMERICAL DIFFERENCING. 
=i CHANGE THE ACCURACY IN USING THE NUMERICAL 
ACCURACY TO BE USED I N  THE CALCULATION OF THE STATE 
TRANSITION MATRIX BY THE METHOD OF NUMERICAL 
DIFFERENCING, (USED ONLY I F  NDACCZ1) ASSUMED TO BE 
2.5E-5 I F  NOT INPUTI 
SEMI-MAJOR AXIS FACTOR USED I N  NUMERICAL 
DIFFERENCING TO COMPUTE P S I  AND H I F  IAUG = 5: 9, 
OR 10, (ASSUMED 100 KM I F  NOT INPUT) 
ECCENTRICITY FACTOR U ED XN NUMERICAL DIFFERENCING 
TO COMPUTE P S I  AND H F XAUG = 5~ 9, OR 10. 
INCLINA~ION FACTOR USED I N  NUMERICAL DIFFERENCING 
TO COMPUTE P S I  AND H I F  IAUG = 5r 9 r  OR 10. 
(ASSUMED 10 ARCSECONDS XF NOT INPUT) 
(ASSUMED lrf-5 I F  NOT INPUT) 
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DELMUS -- FACTOR USED I N  NUMERICAL DIFFERENCING FOR THE MU OF 
THE SUN TO GENERATE THE AUGMENTED STATE TRANSITION 
WHEN NOT INPUT) 
THE TARGET PLANET TO GENERATE THE AUGMENTED STATE 
(ASSUMED e l  WHEN NOT INPUT) 
MATRIX WHEN IAUG = 3~ 7 ,  9* OR 11. (ASSUMED 1.E7 
DELMUP -- FACTOR USED I N  NUMERICAL DIFFERENCING FOR THE MU OF 
TRANSITION MATRIX WHEN IAUG = 3~ 7~ 9~ OR 11. 
D. I N  ORDER TO EXERCISE THE SIMULATION OPTION, A NAMELIST ENTITLED 
SMLTN 15 READ WHICH CONTAINS ALL THE VARIABLES MENTIONED ABOVE 









D I B  
T T I M l  
TTIW2 
UNMAC 
NUMBER OF QUASI-LINEAR FILTERING EVENTS TO BE RUN 
AN ARRAY OF TIMES AT WHICH QUASI-LINEAR FILTERING 
EVENTS ARE TO TAKE PLACE. 
--NOTE--THIS ARRAY I S  NECESSARY ONLY I F  NEV4 I S  NOT 
ZERO 
THE VECTOR DESCRIBING THE ACTUAL DEVIATION OF THE 
ACTUAL TRAJECTORY FROM THE MOST RECENT NOMINAL 
TRAJECTORY 
AN ARRAY OF MEASUREMENT BIASES WHICH DETERMINE THE 
ACTUAL VALUE TO BE USED FOR EACH OF THE TYPES OF 
MEASUREMENTS 
ACTUAL BIAS OF THE MU OF THE SUN TO BE USED I N  THE 
DETERMINATION OF THE ACTUAL TRAJECTORY 
(ASSUMED TO BE ZERO I F  NOT INPUT) 
ACTUAL BIAS OF THE MU OF THE TARGET PLANET TO BE 
USED I N  THE DETERMINATION OF THE ACTUAL TRAJECTORY 
(ASSUMED TO BE ZERO I F  NOT INPUT) 
ACTUAL BIAS I N  THE SEMI-MAJOR AXIS OF THE TARGET 
PLANET TO BE USED I N  THE DETERMINATION OF THE 
ACTUAL TRAJECTORY 
(ASSUMED TO BE ZERO I F  NOT INPUT) 
ACTUAL BIAS I N  THE ECCENTRICITY OF THE TARGET 
PLANET TO BE USED I N  THE DETERMINATION OF THE 
(ASSUMED TO BE ZERO I F  NOT INPUT) 
ACTUAL BIAS I N  THE INCLINATION O F  THE TARGET PLANET 
TRAJECTORY 
(ASSUMED TO BE ZERO I F  NOT INPUT) 
THE FIRST TIME AT WHICH THE VALUES USED FOR THE 
ACTUAL UNMODELLED ACCELERATION WILL BE ALTERED 
THE SECOND TIME AT WHICH THE VALUES USED FOR THE 
ACTUAL UNMODELLED ACCELERATION WILL BE ALTERED 
AN ARRAY OF VALUES WHICH DETERMINE THE ACTUAL 
UNMODELLED ACCELERATION TO BE USED AT A GIVEN TIME 
NOTE--THESE VALUES ARE ASSUMED ZERO I F  NOT INPUT 
TO - T 1  T 1  - T2 T2 - TF 
ACTUAL TRAJECTORY 
TO BE USED IN THE DETERMINATION OF THE ACTUAL 
x 1  x2 X 3  ACCELERATION 
Y 1  Y 2  Y 3  ACCELERATION 

















AN hHRAY O F  ACTUAL BIASES I N  TWE LOCATIONS OF THE 
THREE ROTATING STATIONS ON THE EARTH 
( A L l r L A T 1 ~ L O N G l t A L 2 t L A T 2 ~ L O N G 2 ~ A L 3 r L A T 3 ~ L O N G 3 ~  
NOTE--THESE VALUES ARE ASSUMED TO BE ZERO I F  NOT 
INPUT 
ACTUAL MEASUREMENT NOISE CODE 
=o -- ASSUME THE ACTUAL UNCERTAINTIES I N  THE 
MEASUREMENT NOISE ARE THE SAME AS THE 
UNCERTAINTIES ASSUMED I N  THE MOST RECENT 
NOMINAL TRAJECTORY 
MEASUREMENT NOISE USING THE FOLLOWING 
=1 -- CALCULATE THE ACTUAL UNCERTAINITES I N  THE 
CONSTANTS 
NOTE -- I F  NOT INPUT IAMNF I S  ASSUMED ZERO 
ACTUAL VARIANCES TO BE USED I N  COMPUTING THE ACTUAL 
UNCERTAINTIES I N  THE MEASUREMENT FROM WHICH THE 
ACTUAL MEASUREMENT NOISE I S  CALCULATED 
--NOTE--NEED BE INPUT ONLY I f  IAMNF"1 
NUMBER OF BODIES TO BE CONSIDERED I N  THE ACTUAL 
TRAJECTORY (ASSUMED TO BE 11 I F  NOT INPUT) 
AN ARRAY OF CODES OF PLANETS TO BE USED I N  THE 
I N  THE SOLAR SYSTEM ARE CONSIDERED PLUS THE SUN AND 
THE EARTHS MOON) 
AN ACCURACY FIGURE TO RE USED I N  THE VIRTUAL MASS 
PROGRAM WHEN GENERATING THE ACTUAL TRAJECTORY 
AN ARRAY OF ACTUAL RESOLUTION ERRORS CORRESPONDING 
TO THE GUIDANCE EVENTS, (ASSUMED 0 I F  NOT INPUT) 
--NOTE--NEED BE INPUT ONLY I F  GUIDANCE EVENTS OCCUR 
AN ARRAY OF ACTUAL PROPORTIONALITY ERRORS FOR EACH 
--NOTE--NEED BE INPUT ONLY I F  GUIDANCE EVENTS OCCUR 
AN ARRAY O F  ACTUAL ERRORS FOR POINTING ANGLE ONE 
ACTUAL TRAJECTORY (IF NOT INPUT ALL MAJOR PLANETS 
(IF NOT INPUT A C C l  IS ASSUMED TO BE 1,E-6) 
GUIDANCE EVENT, (ASSUMED ZERO IF NOT INPUT) 
FOR THE GUIDANCE EVENTS, (ASSUMED ZERO I F  NOT 
INPUT) --NOTE--NEED BE INPUT ONLY IF GUIDANCE 
EVENTS OCCUR 
AN ARRAY OF ACTUAL ERRORS FOR POINTING ANGLE TWO 
FOR THE GUIDANCE EVENTS, (ASSUMED ZERO I F  NOT 
INPUT) --NOTE--NEED BE INPUT ONLY I F  GUIDANCE 
EVENTS OCCUR 
111. OUTPUT OPTIONS 
A l l  p r i n t e d  output  t h a t  may be obta ined  from t h e  v a r i o u s  modes 
of ope ra t ion  of  STEAP i s  desc r ibed  i n  t h i s  chap te r .  
A. T r a j e c t o r y  Mode 
I n i t i a l l y ,  t h e  inpu t  d a t a  a r e  p r i n t e d  w i t h  t h e  exe rc i sed  op- 
t i o n s .  The e n t r i e s  t h a t  appear  i n  t h i s  group a r e  l i s t e d  below: 
I n i t i a l  t r a j e c t o r y  time i n  bo th  ca l enda r  d a t e  and 
J u l i a n  d a t e ;  
F i n a l  t r a j e c t o r y  t ime i n  both  ca l enda r  d a t e  and 
J u l i a n  d a t e ;  
I n i t i a l  t r a j e c t o r y  t i m e  i n  days ;  
Augmentation code ( fo r  t h e  t r a j e c t o r y  mode t h i s  code 
i s  always 1); 
I n i t i a l  s t a t e  v e c t o r  - t h e  i n i t i a l  s t a t e  i s  p r i n t e d  
f i r s t  i n  t h e  coord ina te  system i n  which it  i s  input  
and f i n a l l y  i n  h e l i o c e n t r i c  e c l i p t i c  coord ina te s ;  
Nominal t r a j e c t o r y  module code;  
Nominal t r a j e c t o r y  informat ion  - 
Bodies t o  be cons idered ,  
Targe t  p l a n e t ;  
Length u n i t s  pe r  A. U. ;  
T i m e  u n i t s  pe r  day; 
I f  t h e  ephemeris i s  t o  be computed a t  every t i m e  i n t e r -  
v a l ,  a message t o  t h i s  e f fec t  w i l l  be p r in t ed .  Other- 
wise ,  t h e  o r b i t a l  e lements  o f  t h e  p l a n e t s  t h a t  w i l l  be 
used throughout t h e  t r a j e c t o r y  w i l l  be  p r i n t e d ;  
A message i s  p r i n t e d  t h a t  n o t i f i e s  t h e  u s e r  i f  ou tput  
i s  t o  be suppressed a t  i n i t i a l  and f i n a l  s t e p s  i n  t h e  
v i r t u a l  mass t r a j e c t o r y ;  
I f  t h e  v i r t u a l  mass program w i l l  i n t e g r a t e  on ly  u n t i l  
reaching  t h e  sphere  o f  i n f l u e n c e  o f  t h e  t a r g e t  p l a n e t ,  
a message w i l l  be p r in t ed  t o  t h a t  e f f e c t .  However, i f  
t h e  t r a j e c t o r y  w i l l  cont inue  u n t i l  reaching  a normal 
s topping  cond i t ion  t h e  u s e r  w i l l  be  n o t i f i e d ;  
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13) Accuracy f i g u r e ;  
14) P r i n t  i n t e r v a l s  - 
Days Y 
Increments. 
Output may be obtained throughout t h e  t r a j e c t o r y  a t  s p e c i f i e d  
times d i r e c t l y  from t h e  V i r t u a l  Mass Program. Three v a r i a b l e s  
determine when t h i s  p r i n t o u t  w i l l  b e  r ece ived :  IPRINT, DELTP, 
and INPR. 
If IPRINT = 0 ,  t h e  V i r t u a l  Mass Program w i l l  g ive  p r i n t e d  ou t -  
pu t  a t  b o t h  t h e  i n i t i a l  t r a j e c t o r y  t i m e  and the  f i n a l  t r a j e c t o r y  
time. Otherwise,  no i n i t i a l  and f i n a l  p r i n t o u t  w i l l  be obtained. 
I n  the t r a j e c t o r y  mode, IPRINT i s  assumed ze ro  u n l e s s  otherwise 
s t a t e d  (see Chapter 11, Input Options).  
The v a r i a b l e  DELTP s p e c i f i e s  t h e  number of  days a f t e r  which 
p r i n t e d  output  w i l l  be received.  DELTP i s  assumed 3 i f  not s t a t e d  
otherwise i n  t h e  t r a j e c t o r y  mode. I n  t h i s  s i t u a t i o n ,  p r i n t o u t  w i l l  
be given a f t e r  every three-day i n t e r v a l  (see Input  Options,  Chapter 
11). 
Pr in t ed  output  w i l l  be given a f t e r  every INPR increment. For 
t h e  t r a j e c t o r y  mode INPR = 100 un le s s  i t  i s  read i n  t h e  NAMELIST 
a s  a d i f f e r e n t  v a l u e  ( see  Chapter 11, Input  Options).  
I f  t h e  p r i n t o u t  i s  t o  occur a f t e r  a given t i m e  increment a s  
s p e c i f i e d  by one of  t h e  above t h r e e  o p t i o n s ,  t h e  fol lowing i n f o r -  
mation i s  p r i n t e d .  
Block 1: 
1) T r a j e c t o r y  t ime;  
2 )  T o t a l  t i m e  increments used t o  d a t e ;  
3)  Spacec ra f t  i n e r t i a l  t r a j e c t o r y  
Block 2:  
1) Calendar d a t e ;  
2)  J u l i a n  d a t e ;  
3)  Ephemeris da t a .  
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Block 3 :  
Spacec ra f t  t r a j e c t o r i e s  r e l a t i v e  t o  p l ane t s .  
Block 4 :  
1) P o s i t i o n ;  
2 )  Ve loc i ty ;  
3)  
4 )  
5) Kepler v e c t o r ;  
6 )  E c c e n t r i c i t y  v e c t o r ;  
7 )  V i r t u a l  mass magnitude; 
8) V i r t u a l  mass magnitude r a t e .  
Spacecraf t  p o s i t i o n  r e l a t ive  t o  v i r t u a l  mass; 
Spacec ra f t  v e l o c i t y  r e l a t i v e  t o  v i r t u a l  mass; 
Block 5:  
V i r t u a l  mass p o s i t i o n s  r e l a t i v e  t o  p l a n e t s .  
F i n a l l y ,  a summary of t h e  t r a j e c t o r y  mode i s  p r i n t e d  con ta in -  
i n g  t h e  fol lowing d a t a :  
1) Accuracy; 
2) True anomaly increment;  
3 )  I n i t i a l  t r a j e c t o r y  time t o g e t h e r  w i t h  i t s  ca l enda r  
4 )  H e l i o c e n t r i c  e c l i p t i c  i n i t i a l  and f i n a l  coord ina te s  
5 )  P o s i t i o n  and v e l o c i t y  o f  t h e  v e h i c l e  r e l a t i v e  t o  t h e  
d a t e  and J u l i a n  d a t e ;  
o f  t h e  v e h i c l e ;  
E a r t h  a t  f i n a l  t ime ;  
t a r g e t  p l a n e t  a t  f i n a l  t ime;  
v e h i c l e  r e l a t ive  t o  t a r g e t  p l a n e t ;  
t h e  t a r g e t  p l a n e t ,  t h e  p o s i t i o n  and v e l o c i t y  of  t h e  
v e h i c l e  r e l a t i v e  t o  t h e  t a r g e t  p l a n e t  t o g e t h e r  w i t h  
B y  B * T ,  and B * R  a r e  p r i n t e d .  Otherwise, a message 
i s  p r i n t e d  s t a t i n g  t h e  v e h i c l e  d id  not  r each  t h e  sphere 
of  i n f l u e n c e  of  t h e  t a r g e t  p l a n e t ;  
6 )  P o s i t i o n  and v e l o c i t y  of  t h e  v e h i c l e  r e l a t i v e  t o  t h e  
7 )  A t  c l o s e s t  approach t h e  p o s i t i o n  and v e l o c i t y  of  t h e  
8)  I f  t h e  v e h i c l e  encountered t h e  sphere o f  i n f l u e n c e  of  
9)  T o t a l  t ime increments used; 
10) T o t a l  computer t i m e  used i n  t h e  V i r t u a l  Mass Program. 
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B. Ta rge t ing  Mode 
The f i r s t  page of output  from t h e  t a r g e t i n g  mode inc ludes  pre-  
l imina ry  d a t a  used i n  t h e  program and i s  g e n e r a l l y  se l f - exp lana -  
t o r y .  The f i r s t  s e c t i o n  inc ludes  t h e  inpu t  d a t a  a s  read i n t o  t h e  
computer. These d a t a  a r e  descr ibed i n  Chapter 11. 
I f  t h e  z e r o - i t e r a t e  i n j e c t i o n  c o n d i t i o n s  a r e  t o  be computed 
i n t e r n a l l y  by t h e  program, p e r t i n e n t  information r e l a t e d  t o  t h e  
po in t - to -po in t  c o n d i t i o n s  (on which t h e  z e r o - i t e r a t e  i s  based) i s  
then  summarized. These d a t a  a r e  i d e n t i c a l  t o  p o r t i o n s  of t h e  
output  generated by t h e  SPARC ( r e f  1) program and publ ished i n  
t h e  numerous Earth-Planet  T r a j e c t o r i e s  volumes. Those s e c t i o n s  
of t h e  SPARC d a t a  not of immediate i n t e r e s t  t o  t h e  t a r g e t i n g  pro- 
gram a r e  omit ted.  The format f o r  t h e  p r i n t o u t  o f  t h e  p o i n t - t o -  
po in t  d a t a  i s  t h e  same a s  t h a t  used by SPARC t o  allow easy cdm- 
pa r i son .  The a b b r e v i a t i o n s  used i n  l i s t i n g  t h i s  information i s  
s tandard and w i l l  not be d i scussed  here .  For a d e t a i l e d  d i s c u s s i o n  
of t h e s e  d a t a ,  s e e  r e fe rence  1. 
A summary of t h e  i n j e c t i o n  c o n d i t i o n s  i s  then  provided. The 
most important information he re  i s  t h e  a c t u a l  i n j e c t i o n  t ime along 
w i t h  t h e  i n j e c t i o n  p o s i t i o n  and v e l o c i t y  (given i n  h e l i o c e n t r i c  
e c l i p t i c  coord ina te s )  when t h e s e  a r e  computed i n t e r n a l l y  i n  t h e  
program. The i n j e c t i o n  p o s i t i o n  recorded h e r e  i s  never v a r i e d  i n  
t h e  program s o  t h i s  i s  t h e  a c t u a l  i n i t i a l  p o s i t i o n  of t he  f i n a l  
( t a r g e t e d )  t r a j e c t o r y .  The i n j e c t i o n  v e l o c i t y  i s  of cour se  a l t e r e d  
during the  cour se  of t he  t a r g e t i n g .  
The t a r g e t  c o n d i t i o n s  a r e  then  summarized. If t a r g e t  op t ions  
3 o r  4 a r e  s p e c i f i e d ,  t h e  f i n a l  t ime l i s t e d  he re  i s  based on a 
hyperbol ic  t r a j e c t o r y  from t h e  sphere of i n f l u e n c e  t o  c l o s e s t  ap- 
proach. 
t h i s  c o r r e c t e d  a r r i v a l  da t e .  I f  t h e  t a r g e t  op t ion  i s  5 o r  6 ,  t h e  
a u x i l i a r y  sphere of i n f l u e n c e  c o n d i t i o n s  based on t h e  po in t - to -  
po in t  approach asymptote and t h e  c l o s e s t  approach t a r g e t  c o n d i t i o n s  
a r e  recorded. 
The po in t - to -po in t  i n j e c t i o n  c o n d i t i o n s  a r e  computed u s i n g  
F i n a l l y ,  t h e  t a r g e t  schedule  i s  l i s t e d .  Th i s  i nvo lves  simply 
r eco rd ing  t h e  p rogres s ive  accuracy l e v e l s  t o  be used i n  t h e  t a r -  
ge t ing .  
The next  page of output d e a l s  w i t h  t h e  p rogres s ive  refinement 
of t h e  i n j e c t i o n  v e l o c i t y  t o  o b t a i n  t h e  t a r g e t e d  va lue .  Here t h e  
output c o n s i s t s  of two main types  of d a t a :  
each success ive  nominal and d a t a  r e l a t e d  t o  t h e  c o n s t r u c t i o n  of 
each s t a t e  t r a n s i t i o n  matrix.  
d a t a  p e r t a i n i n g  t o  
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Upon i n t e g r a t i o n  of each nominal t r a j e c t o r y ,  a row of d a t a  i s  
recorded. The f i r s t  h a l f  of t h i s  row s u p p l i e s  t h e  fol lowing i n -  
format i on  : 
LEVEL ITER STEP ACCY XDOT YDm ZDOT B O T  B*R TSI 
The LEVEL number corresponds t o  t h e  c u r r e n t  i n t e g r a t i o n  accuracy 
l e v e l .  ITER l i s t s  t h e  number of i t e r a t i o n s  made a t  t h e  c u r r e n t  
l e v e l .  STEP i s  always zero f o r  t h e  nominal t r a j e c t o r y .  ACCY i s  
t h e  c u r r e n t  i n t e g r a t i o n  accuracy. XDOT-, YDOT, and ZDOT a r e  t h e  
v e l o c i t y  components of t h e  c u r r e n t  i t e r a t e  given i n  h e l i o c e n t r i c  
e c l i p t i c  coord ina te s .  The next  d a t a  l i s t s  t h e  v a l u e s  of t h e  t a r -  
ge t  v a r i a b l e s  r e a l i z e d  on t h i s  i t e r a t e .  I n  a l l  t a r g e t  op t ions  
t h e s e  parameters i n i t i a l l y  c o n s i s t  of B*T,  B * R ,  and tSI. Here 
i s  given a s  a J u l i a n  d a t e  referenced t o  1900. I n  t h e  f i n a l  
r C A Y  CAY t a r g e t i n g  of op t ion  6 ,  t h e  t a r g e t  parameters become i and tCA. 
The l a t t e r  h a l f  of t h e  nominal t r a j e c t o r y  d a t a  c o n s i s t s  of 
t he  fol lowing:  
TARG B=T TARG B * R  TARG TSI INTEG TIME TOTAL TIME INTEG INCRS 
The f i r s t  t h r e e  i tems a r e  t h e  d e s i r e d  t a r g e t  values .  Again t h e s e  
a r e  g e n e r a l l y  B O T ,  B*R,  and tSI. I n  t a r g e t  op t ions  5 o r  6 
t h e s e  t a r g e t  v a l u e s ,  being a func t ion  of t h e  a c t u a l  approach asymp- 
t o t e ,  va ry  s l i g h t l y  wi th  each i t e r a t e .  I n  t h e  f i n a l  t a r g e t i n g  of 
C A Y  CAY tCA’ op t ion  6 problems, t h e  t a r g e t  parameters become i 
INTEG TIME i s  t h e  computer t ime i n  seconds used i n  i n t e g r a t i n g  t h a t  
i t e r a t e .  TOTAL TIME i s  t h e  cumulative computer time i n  seconds 
used up t o  t h e  p r i n t i n g  of t h i s  row. INTEG INCRS r e f e r s  t o  t h e  
t o t a l  number of increments used i n  t h e  i n t e g r a t i o n  of t h e  c u r r e n t  
nominal. I 
r 
I n  t h e  c o n s t r u c t i o n  of t h e  s t a t e  t r a n s i t i o n  ma t r ix  t h r e e  (or  
two i n  t h e  c a s e  of t a r g e t  op t ion  3)  i n t e g r a t i o n s  a r e  required.  
The d a t a  contained i n  t h e  f i r s t  h a l f  o f  t h e  nominal t r a j e c t o r y  
row a r e  recorded f o r  each of t h e s e  i n t e g r a t i o n s .  However, i n -  
s t ead  of t h e  l a t t e r  h a l f  of t h a t  row, t h e  a c t u a l  s t a t e  t r a n s i t i o n  
ma t r ix  based on t h e  per turbed t r a j e c t o r i e s  i s  recorded. 
Whenever o u t e r  t a r g e t i n g  i s  r e q u i r e d ,  a s ta tement  i s  p r i n t e d  
g i v i n g  t h e  r a d i u s  and d a t e  of c l o s e s t  approach t o  t h e  t a r g e t  p l a n e t  
a long w i t h  t h e  computed r a d i u s  of t h e  a r t i f i c i a l  sphere of i n f l u -  
ence. When a bad-step c o r r e c t i o n  i s  used, a message t o  t h a t  e f -  
f e c t  i s  w r i t t e n .  
The t a r g e t i n g  procedure ends when an accep tab le  i n j e c t i o n  ve-  
l o c i t y  i s  determined o r  when t h e  maximum number of i t e r a t i o n s  has 
been made. A t  t h i s  p o i n t  a t a r g e t i n g  summary i s  given, The i n -  
j e c t i o n  p o s i t i o n  and v e l o c i t y  a r e  output both i n  h e l i o c e n t r i c  
e c l i p t i c  and geocen t r i c  e c l i p t i c  coord ina te s .  The i n j e c t i o n  t ime 
i s  given t o  thousandths of seconds. The a c t u a l  t r a j e c t o r y  t a r g e t  
v a l u e s  corresponding t o  t h e s e  i n j e c t i o n  cond i t ions  a r e  then  l i s t e d  
along w i t h  t h e  d e s i r e d  t a r g e t  cond i t ions .  
The f i n a l  output from t h e  t a r g e t i n g  program r e s u l t s  from oper-  
a t i n g  t h e  t r a j e c t o r y  mode i n  i t s  normal s t a t e .  The a p p r o p r i a t e  
f l a g s  desc r ibed  i n  Chapter 111. A a r e  set so  t h a t  information from 
t h i s  i n t e g r a t i o n  i s  p r i n t e d  a t  t h e  i n i t i a l  t ime,  a t  i n t e rmed ia t e  
p o i n t s  determined by INCPR and TIMPR (see Chapter I I . B ,  Input Op- 
t i o n  Ta rge t ing  Mode), a t  t h e  sphere of i n f l u e n c e ,  and a t  t h e  f i r s t  
time determined as t h e  po in t  of c l o s e s t  approach t o  t h e  t a r g e t  
p l ane t .  
C .  E r r o r  Analysis Mode 
As i n  t h e  t r a j e c t o r y  mode, t h e  input  d a t a  a r e  p r i n t e d  i n i t i a l l y .  
A l l  t hose  i tems l i s t e d  a t  t h e  beginning of t h e  t r a j e c t o r y  mode a r e  
p r i n t e d  f o r  t h e  e r r o r  a n a l y s i s  mode. See Input Options,  Chapter 
z 11, f o r  d i f f e r e n c e s  i n  assumed v a l u e s  i n  t h i s  mode of ope ra t ion .  
I n  a d d i t i o n ,  t h e  fol lowing i tems a r e  l i s t e d :  
Measurement schedule;  
Event schedule;  
I n i t i a l  covariance ma t r ix ;  
S t a t e  t r a n s i t i o n  ma t r ix  code. I f  t h e  s t a t e  t r a n s i t i o n  
ma t r ix  i s  t o  be generated u s i n g  numerical d i f f e r e n c i n g ,  
t h e  p o s i t i o n  and v e l o c i t y  f a c t o r s  a r e  p r i n t e d ;  
Dynamic n o i s e  c o n s t a n t s ;  
Measurement n o i s e  c o n s t a n t s ;  
S t a t i o n  l o c a t i o n  c o n s t a n t s ,  
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The same op t ions  (IPRINT, DELTP, and INPR) a r e  a v a i l a b l e  f o r  
p r i n t o u t  from t h e  V i r t u a l  Mass Program as  descr ibed f o r  t h e  t ra-  
j e c t o r y  mode. I f  IPRINT i s  no t  otherwise s t a t e d  it  i s  assumed 
equal  t o  one i n  t h e  e r r o r  a n a l y s i s  mode. Thus i f  DELTP (assumed 
l.E+50 days) and INPR (assumed 7777777) a r e  l a r g e  enough, no 
p r i n t o u t  from t h e  V i r t u a l  Mass Program i t s e l f  w i l l  be obtained.  
However, i f  p r i n t o u t  i s  needed, i t  w i l l  occur a s  t h e  t h r e e  v a r i -  
a b l e s  mentioned above s p e c i f y  and t h e  same information w i l l  be 
p r i n t e d  a s  s t a t e d  f o r  t h e  t r a j e c t o r y  mode. 
When a measurement i s  processed,  t h e  following informat ion 
w i l l  be p r i n t e d  : 
3)  
4 )  
I n i t i a l  t r a j e c t o r y  time i n  days t o g e t h e r  w i t h  ca l enda r  
d a t e  and J u l i a n  d a t e ;  
F i n a l  t r a j e c t o r y  time i n  days t o g e t h e r  w i t h  ca l enda r  
d a t e  and J u l i a n  d a t e ;  
S t a t e  v e c t o r  a t  i n i t i a l  and f i n a l  t ime;  
P o s i t i o n  and v e l o c i t y  of v e h i c l e  r e l a t i v e  t o  Earth and 
t a r g e t  p l ane t  a t  both i n i t i a l  and f i n a l  t i m e ;  
Number of measurement; 
Type of measurement; 
S t a t e  t r a n s i t i o n  ma t r ix ;  
Diagonal of dynamic no i se  ma t r ix ;  
Observation ma t r ix ;  
Measurement n o i s e  ma t r ix ;  
11) Gain Matrix - K; 
12) 
13) 
Covariance ma t r ix  j u s t  be fo re  t h e  measurement; 
Covariance ma t r ix  a f t e r  t h e  cons ide r ing  t h e  measure- 
ment, 
During an eigenvector  event t h e  fol lowing d a t a  a r e  p r i n t e d :  
1) 
2)  S t a t e  t r a n s i t i o n  ma t r ix ;  
3 )  Diagonal of  dynamic n o i s e  ma t r ix ;  
4 )  
S t a t e  v e c t o r  a t  t h e  t ime of t h e  eigenvector  even t ;  
Covariance ma t r ix  a t  t i m e  o f  e igenvector  even t ;  
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5) P o s i t i o n  and v e l o c i t y  e igenvalues  and e igenvec to r s  
as s p e c i f i e d  by I E I G  ( see  Chapter 11); 
6 )  Hypere l l i p so ids  f o r  both p o s i t i o n  and v e l o c i t y  p o r t i o n s  
of t h e  covariance matrix f o r  sigma l e v e l s  a s  s p e c i f i e d  
by IHYPl (see Chapter 11); 
event .  
7 )  C o r r e l a t i o n  c o e f f i c i e n t  ma t r ix  a t  t ime of e igenvec to r  
For a p r e d i c t i o n  even t ,  t h e  p r i n t e d  output  w i l l  i nc lude  t h e  
fol lowing i tems: 
S t a t e  v e c t o r  a t  t ime of p r e d i c t i o n  even t ;  
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  t h e  d e v i a t i o n s  a t  t h e  
time of t h e  p r e d i c t i o n  event t o  t h o s e  a t  t h e  t ime of 
t h e  l a s t  measurement o r  even t ;  
Diagonal of dynamic n o i s e  ma t r ix ;  
Covariance ma t r ix  a t  t ime of p r e d i c t i o n  even t ;  
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
p r e d i c t i o n  time t o  those  a t  t h e  t ime of t h e  p r e d i c t i o n  
event ; 
Diagonal of dynamic n o i s e  m a t r i x ;  
Covariance ma t r ix  a t  p r e d i c t i o n  t ime;  
P o s i t i o n  and v e l o c i t y  e igenvalues  and e igenvec to r s  a s  
s p e c i f i e d  by I E I G ;  
Hypere l l i p so ids  f o r  both t h e  p o s i t i o n  and v e l o c i t y  
p o r t i o n s  of t h e  covariance ma t r ix  a t  p r e d i c t i o n  t ime 
f o r  sigma l e v e l s  according t o  IHYP1; 
C o r r e l a t i o n  c o e f f i c i e n t  matrix a t  p r e d i c t i o n  t ime ;  
I f  t h e  p r e d i c t i o n  t i m e  i s  w i t h i n  one day of when t h e  
v e h i c l e  reaches t h e  sphere of i n f l u e n c e  of t h e  t a r g e t  
p l a n e t ,  t h e  covariance ma t r ix  of u n c e r t a i n t i e s  i n  BOT 
and B-R i s  p r i n t e d  t o g e t h e r  w i t h  i t s  e igenvec to r s  
and eigenvalues  and t h e  a s s o c i a t e d  h y p e r e l l i p s o i d s .  
For a guidance event t h e  fol lowing d a t a  a r e  p r i n t e d :  
1) 
2)  S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  t ime 
S t a t e  v e c t o r  a t  t ime of guidance even t ;  
of t h e  guidance event  t o  t h o s e  a t  t h e  t i m e  of t h e  l a s t  
measurement o r  even t ;  
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Diagonal of dynamic no i se  matrix; 
Covariance ma t r ix  a t  t ime of guidance even t ;  
P o s i t i o n  and v e l o c i t y  e igenvalues  and e igenvec to r s  
and r e l a t e d  h y p e r e l l i p s o i d s  according t o  I E I G  and 
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  t ime 
of t h e  guidance event t o  those  a t  t h e  t ime of t h e  l a s t  
guidance even t ;  
Diagonal of dynamic no i se  m a t r i x ;  
Covariance ma t r ix  r e l a t i n g  t h e  t ime of t h i s  guidance 
event t o  t h a t  a t  t h e  t ime of t h e  l a s t  guidance even t ;  
P o s i t i o n  and v e l o c i t y  e igenvalues  and e igenvec to r s  and 
a s s o c i a t e d  h y p e r e l l i p s o i d s .  
I m p 1  ; 
A t  t h i s  p o i n t  a d e c i s i o n  i s  made a s  t o  which guidance po l i cy  
i s  being used. I f  t h e  f ixed  t i m e - o f - a r r i v a l  p o l i c y  i s  used t h e  
fol lowing d a t a  a r e  p r i n t e d :  
Time a t  which v e h i c l e  encounters  c l o s e s t  approach of 
t a r g e t  p l a n e t ;  
P o s i t i o n  and v e l o c i t y  of v e h i c l e  a t  c l o s e s t  approach; 
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  t ime 
of c l o s e s t  approach t o  those  a t  t h e  time of t h e  guid- 
ance even t ;  
V a r i a t i o n  ma t r ix ;  
Unce r t a in ty  i n  t a r g e t  c o n d i t i o n s  be fo re  c o r r e c t i o n  
t o g e t h e r  w i t h  i t s  eigenvalues  and e igenvec to r s  and 
a s s o c i a t e d  h y p e r e l l i p s o i d s ;  
Guidance matrix. , 
From t h i s  p o i n t  p r i n t o u t  i s  aga in  independent of t h e  guidance 
pol i cy .  
I f  t h e  two-variable  B-plane p o l i c y  i s  used t h e  fol lowing d a t a  
a r e  p r i n t e d :  
1) Time a t  which v e h i c l e  reaches sphere of i n f l u e n c e ;  
2 )  P o s i t i o n  and v e l o c i t y  of v e h i c l e  a t  sphere of i n f l u -  
ence t o g e t h e r  w i t h  B, B - T ,  and B*R; 
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S t a t e  t r a n s i t i o n  matrix r e l a t i n g  d e v i a t i o n s  a t  sphere 
of i n f luence  t o  those  a t  t h e  t ime of t h e  guidance 
even t ;  
P a r t i a l  of B*T and B * R  w i t h  r e spec t  t o  t h e  s t a t e  
v e c t o r  ; 
Guidance submatrices A and B; 
Unce r t a in ty  i n  t a r g e t  cond i t ions  before  c o r r e c t i o n  w i t h  
i t s  eigenvalues  and e igenvec to r s  and a s s o c i a t e d  hyper- 
e l  1 ipso id  s ; 
Guidance matr ix .  
From t h i s  t ime p r i n t o u t  f o r  t h e  t h r e e  p o l i c i e s  i s  i d e n t i c a l .  
I f  t h e  t h r e e - v a r i a b l e  B-plane p o l i c y  i s  used t h e  fol lowing 
d a t a  a r e  p r i n t e d :  
1) Time a t  which v e h i c l e  e n t e r s  sphere of i n f luence  of 
2 )  P o s i t i o n  and v e l o c i t y  of v e h i c l e  a t  sphere o f  i n f luence  
3) V a r i a t i o n  ma t r ix ;  
4 )  Uncer t a in ty  i n  t a r g e t  c o n d i t i o n s  before  c o r r e c t i o n  
t a r g e t  p l a n e t ;  
i n  a d d i t i o n  t o  B, B*T,  and B*R;  
t o g e t h e r  w i t h  eigenvalues  and eigenvectors  and hyper- 
e l l i p s o i d s ;  
5 )  Guidance matrix.  
The r e s t  of t h e  p r i n t o u t  i s  independent of t h e  type of guidance 
p o l i c y  being used, and i s  a s  fol lows:  
Covariance ma t r ix  a s s o c i a t e d  w i t h  v e l o c i t y  components; 
Expected v a l u e  0-f AV; 
Standard d e v i a t i o n  of expected va lue  of 
I f  t h e  execut ion e r r o r  code i s  1 ( see  Input Options) ,  
t h e  eigenvalues  and e igenvec to r s  of t h e  above c o v a r i -  
ance ma t r ix  and t h e  expected va lue  of t h e  v e l o c i t y  
c o r r e c t i o n  a r e  p r i n t e d ;  
Execution e r r o r  ma t r ix  i n  a d d i t i o n  t o  i t s  e igenvalues  
and e igenvec to r s  and h y p e r e l l i p s o i d s ;  
AV; 
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6 )  
7 )  
Modified covariance matrix a t  t h e  time of t h e  guidance 
event  ; 
Uncertainty i n  t a r g e t  c o n d i t i o n s  a f t e r  c o r r e c t i o n  t o -  
g e t h e r  w i t h  i t s  eigenvalues  and e igenvec to r s  and hy- 
p e r e l l i p s o i d s .  
I n  a d d i t i o n  t o  t h e  output ca t egor i zed  above, i f  t h e  v e h i c l e  
encounters  sphere of  i n f l u e n c e  o r  c l o s e s t  approach du r ing  t h e  
course of t h e  nominal t r a j e c t o r y ,  t h e  p e r t i n e n t  information r e -  
l a t e d  t o  t h e  encounter i s  p r in t ed .  
A summary of t h e  e r r o r  a n a l y s i s  mode i s  p r i n t e d  con ta in ing  t h e  
fol lowing i tems : 
Accuracy f i g u r e  ; 
True anomaly increment;  
Length u n i t s  p e r  A. U.; 
Time u n i t s  pe r  day; 
A message i s  p r i n t e d  s t a t i n g  i n  what manner t h e  o r b i t a l  
elements of t h e  p l a n e t s  a r e  c a l c u l a t e d ;  
I n i t i a l  t r a j e c t o r y  t ime t o g e t h e r  w i th  i t s  ca l enda r  d a t e  
and J u l i a n  date;  
F i n a l  t r a j e c t o r y  t ime and i t s  ca l enda r  d a t e  and J u l i a n  
d a t e  ; 
H e l i o c e n t r i c  e c l i p t i c  coord ina te s  of t h e  v e h i c l e  a t  
both i n i t i a l  and f i n a l  t imes ;  
P o s i t i o n  and v e l o c i t y  of t h e  v e h i c l e  r e l a t i v e  t o  t h e  
E a r t h  and t h e  t a r g e t  p l ane t  a t  f i n a l  t ime;  
The t ime a t  c l o s e s t  approach i n  a d d i t i o n  t o  t h e  p o s i -  
t i o n  and v e l o c i t y  of t h e  v e h i c l e  r e l a t i v e  t o  t h e  t a r -  
g e t  p l a n e t  a t  c l o s e s t  approach; 
I f  t h e  v e h i c l e  d id  not reach t h e  sphere of i n f luence  of 
t h e  t a r g e t  p l ane t  a message t o  t h a t  e f f e c t  i s  p r i n t e d .  
Otherwise, t h e  t ime a t  which i t  entered t h e  sphere of 
i n f luence  i s  p r i n t e d  t o g e t h e r  w i t h  t h e  p o s i t i o n  and 
v e l o c i t y  of t h e  v e h i c l e  r e l a t i v e  t o  t h e  t a r g e t  p l a n e t  
and B, BOT,  and B * R ;  
T o t a l  time increments;  
each type  of even t ;  
e r r o r ,  p r o p o r t i o n a l i t y  e r r o r ,  e r r o r  i n  p o i n t i n g  ang le  
1, and p o i n t i n g  a n g l e  2 ;  
17) Dynamic n o i s e  c o n s t a n t s ;  
18) Measurement n o i s e  c o n s t a n t s ;  
19) D i r e c t i o n  c o s i n e s  f o r  t h r e e  s t a r  p l a n e t  ang le s ;  
20) S t a t e  v e c t o r  a t  i n i t i a l  and f i n a l  t imes ;  
21)  I n i t i a l  covariance matrix;  
2 2 )  F i n a l  covariance matrix. 
16) For guidance e v e n t s ,  t h e  v a r i a n c e s  used f o r  r e s o l u t i o n  
D. Simulation Mode 
The inpu t  d a t a  a r e  p r i n t e d  i n i t i a l l y .  The same inpu t  i tems a r e  
p r i n t e d  a s  s t a t e d  f o r  t h e  e r r o r  a n a l y s i s  mode. I n  a d d i t i o n ,  t h e  
fol lowing i tems a r e  p r i n t e d :  
1) Actual d e v i a t i o n  o f  s t a t e  v e c t o r  a t  i n i t i a l  t ime ;  
2 )  Bodies t o  be considered i n  a c t u a l  t r a j e c t o r y ;  
3 )  Accuracy f i g u r e  f o r  a c t u a l  t r a j e c t o r y ;  
4 )  Actual measurement b i a s e s ;  
5 )  
6 )  Actual unmodelled a c c e l e r a t i o n  t o  be used t o  c a l c u l a t e  
7 )  
Dynamic cons t an t  b i a s e s  t o  be used i n  a c t u a l  t r a j e c t o r y ;  
t h e  a c t u a l  dynamic n o i s e ;  
Biases i n  s t a t i o n  l o c a t i o n  c o n s t a n t s ;  
I f  t h e s e  are  t o  
ment n o i s e  con- 
p r i n t e d .  
ments conc t h e  p r i n t o u t  o f  t h e  V f r t u a l  Mass 
i n  t h e  e r r o r  an- 
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The fol lowing measurement c y c l e  information w i l l  be p r i n t e d  
when a measurement i s  processed: 
I n i t i a l  t r a j e c t o r y  t ime ;  
F i n a l  t r a j e c t o r y  t ime; 
S t a t e  v e c t o r  a t  i n i t i a l  t ime o f  o r i g i n a l  nominal, most 
r e c e n t  nominal, and a c t u a l  t r a j e c t o r y ;  
S t a t e  v e c t o r  a t  f i n a l  t ime of n r i g i n a l  nominal, most 
r e c e n t  nominal, and a c t u a l  t r a j e c t o r y ;  
P o s i t i o n  and v e l o c i t y  of v e h i c l e  r e l a t i v e  t o  Ea r th  and 
t a r g e t  p l a n e t  a t  i n i t i a l  and f i n a l  t i m e  on o r i g i n a l  
nominal, most r ecen t  nominal, and a c t u a l  t r a j e c t o r y ;  
Number of measurement; 
Type of measurement; 
S t a t e  t r a n s i t i o n  ma t r ix ;  
Diagonal of dynamic n o i s e  ma t r ix ;  
Observation ma t r ix  ; 
Measurement n o i s e  m a t r i x ;  
Gain Matrix - K; 
Covariance ma t r ix  be fo re  t h e  measurement; 
Covariance ma t r ix  a f t e r  t h e  measurement; 
Actual dynamic n o i s e ;  
Matrix of v a r i a n c e  of a c t u a l  measurement n o i s e ;  
Actual measurement n o i s e ;  
Estimated and a c t u a l  measurement; 
Residual  ; 
Residual u n c e r t a i n t i e s ;  
Estimated and a c t u a l  d e v i a t i o n  of t h e  s t a t e  v e c t o r  
from t h e  most r e c e n t  nominal; 
Estimated and a c t u a l  d e v i a t i o n  of t h e  s t a t e  v e c t o r  
from t h e  o r i g i n a l  nominal; 
23) Actual o r b i t  de t e rmina t ion  inaccuracy. 
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When an e igenvec to r  event occurs ,  t h e  fol lowing p r i n t o u t  i s  
ob ta ined ;  
1) S t a t e  v e c t o r  a t  time of e igenvec to r  event of o r i g i n a l  
nominal, most r ecen t  nominal, and a c t u a l  t r a j e c t o r y ;  
S t a t e  t r a n s i t i o n  ma t r ix ;  
Diagonal of dynamic no i se  ma t r ix ;  
Covariance ma t r ix  a t  t ime o f  e igenvector  even t ;  
P o s i t i o n  and v e l o c i t y  e igenvalues  and e igenvec to r s  
according t o  t h e  s p e c i f i c a t i o n s  of I E I G ,  t o g e t h e r  w i t h  
t h e  r e l a t e d  h y p e r e l l i p s o i d s  a s  IKyPl  s p e c i f i e s  (see 
Input  Options) ; 
C o r r e l a t i o n  c o e f f i c i e n t  ma t r ix  a t  time of e igenvector  
event ; 
Actual dynamic n o i s e ;  
Estimated and a c t u a l  d e v i a t i o n  of t h e  s t a t e  v e c t o r  from 
t h e  most r ecen t  nominal. 
When a p r e d i c t i o n  event occurs ,  t h e  p r i n t e d  output w i l l  include 
t h e  fol lowing:  
S t a t e  v e c t o r  a t  t ime of p r e d i c t i o n  event on o r i g i n a l  
nominal, most r e c e n t  nominal , and a c t u a l  t r a j e c t o r y ;  
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
t ime of t h e  p r e d i c t i o n  event t o  those  a t  t h e  time of 
t h e  l a s t  measurement o r  even t ;  
Diagonal of dynamic no i se  ma t r ix ;  
Covariance ma t r ix  a t  t ime of p r e d i c t i o n  event t o g e t h e r  
w i t h  p o s i t i o n  and v e l o c i t y  e igenvalues  and r e l a t e d  
h y p e r e l l i p s o i d s ;  - 
C o r  r e 1 a t  ion c oe f f i c  i e n  t m a t  r i x  ; 
Actual dynamic n o i s e ;  
Estimated and a c t u a l  d e v i a t i o n  of t h e  s t a t e  v e c t o r  
from t h e  most r ecen t  nominal ; 
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
p r e d i c t i o n  time t o  those  a t  t h e  time of t h e  p red ic -  
t i o n  event ;  
Diagonal of  dynamic no i se  ma t r ix ;  
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10) Covariance ma t r ix  a t  p r e d i c t i o n  t ime t o g e t h e r  w i t h  
eigenvalues  and e igenvec to r s  and r e l a t e d  h y p e r e l l i p -  
s o i d s  ; 
11) C o r r e l a t i o n  c o e f f i c i e n t  ma t r ix ;  
12)  I f  t h e  p r e d i c t i o n  time i s  w i t h i n  one day o f  t h e  t ime 
a t  which t h e  v e h i c l e  reaches t h e  sphere of i n f l u e n c e  
on t h e  o r i g i n a l  nominal t r a j e c t o r y ,  t h e  covariance of 
u n c e r t a i n t i e s  i n  B'T and B*R i s  p r i n t e d  t o g e t h e r  
w i t h  i t s  eigenvalues ,  e igenvec to r s ,  and h y p e r e l l i p -  
so ids .  
A t  a guidance event t h e  fol lowing i tems a r e  included i n  t h e  
S t a t e  v e c t o r  a t  time of guidance event on o r i g i n a l  
nominal, most r ecen t  nominal, and a c t u a l  t r a j e c t o r y ;  
S t a t e  t r a n s i t i o n  matr ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
t ime of t h e  guidance event t o  those  a t  t h e  t ime of 
t h e  l a s t  measurement o r  even t ;  
Diagonal of dynamic no i se  ma t r ix ;  
Covariance matr ix  a t  t h e  t ime of t h e  guidance event 
t o g e t h e r  w i th  i t s  eigenvalues  and e igenvec to r s  and 
r e l a t e d  h y p e r e l l i p s o i d s ;  
Actual dynamic n o i s e ;  
Estimated and a c t u a l  d e v i a t i o n  of t h e  s t a t e  v e c t o r  
from t h e  most r ecen t  nominal; 
S t a t e  t r a n s i t i o n  matr ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
t ime of t h e  guidance event t o  those  a t  t h e  t ime of 
t h e  l a s t  guidance even t ;  
Diagonal of dynamic n o i s e  ma t r ix ;  
Covariance ma t r ix  r e l a t i n g  t h e  time of t h i s  guidance 
event t o  t h e  t ime of t h e  l a s t  guidance event i n  addi-  
t i o n  t o  i t s  e igenvalues ,  e igenvec to r s ,  and h y p e r e l l i p -  
so ids .  
The next p o r t i o n  of p r i n t o u t  from t h e  guidance event depends 
on t h e  type  of guidance p o l i c y  used. I f  t h e  f ixed - t ime-o f -a r r iva l  
p o l i c y  i s  used t h e  fol lowing d a t a  a r e  p r i n t e d :  
27 
l o s e s t  approach on 
t h e  o r i g i n a l  nominal t r a j e c t o r y  t o g e t h e r  w i th  i t s  po- 
s i t i o n  and v e l o c i t y  r e l a t i v e  t o  t h e  target p l a n e t .  
P a r t i a l  of B*T and B*R w i t h  r e s p e c t  t o  t h e  s t a t e  
v e c t o r  (M-matrix) ; 
Time a t  which t h e  v e h i c l e  reached c l o s e s t  approach on 
t h e  most r e c e n t  nominal t o g e t h e r  w i t h  i t s  p o s i t i o n  
and v e l o c i t y  r e l a t i v e  t o  t h e  t a r g e t  p l a n e t ;  
S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
t ime a t  which t h e  v e h i c l e  reached c l o s e s t  approach on 
t h e  most r ecen t  nominal t o  t h o s e  a t  t h e  t ime of t h e  
guidance even t ;  
V a r i a t i o n  m a t r i x ;  
Unce r t a in ty  i n  t a r g e t  c o n d i t i o n s  be fo re  c o r r e c t i o n  
t o g e t h e r  w i t h  i t s  e igenva lues ,  e i g e n v e c t o r s ,  and 
h y p e r e l l i p s o i d s ;  
Guidance matr ix .  
The r e s t  of  t h e  p r i n t o u t  i s  i d e n t i c a l  w i t h  t h a t  of t h e  o t h e r  
guidance p o l i c i e s .  
If t h e  two-variable  B-plane p o l i c y  i s  used t h e  fol lowing d a t a  
a re  p r i n t e d :  
1) The t ime a t  which t h e  v e h i c l e  reached t h e  sphere of 
i n f l u e n c e  of t h e  t a r g e t  p l a n e t  on t h e  o r i g i n a l  nomi- 
n a l  p l u s  i t s  p o s i t i o n  and v e l o c i t y  r e l a t i v e  t o  t h e  
t a r g e t  p l a n e t  and B, B*T,  and 3 .R ;  
2 )  P a r t i a l s  of BOT and 3 - R  w i t h  r e s p e c t  t o  t h e  s t a t e  
v e c t o r  (M-matrix) ; 
3) Time a t  which t h e  v e h i c l e  reached t h e  sphere of i n -  
f l u e n c e  on t h e  most r e c e n t  nominal t r a j e c t o r y  p lus  
i t s  p o s i t i o n  and v e l o c i t y  r e l a t i v e  t o  t h e  t a r g e t  
p l a n e t  and B, B'T, and BaR; 
4 )  S t a t e  t r a n s i t i o n  ma t r ix  r e l a t i n g  d e v i a t i o n s  a t  t h e  
time when t h e  v e h i c l e  en te red  sphere of i n f l u e n c e  t o  
t h o s e  a t  t h e  t ime of t h e  guidance even t ;  
5) P a r t i a l s  of B-T and B*R w i t h  r e s p e c t  t o  t h e  s t a t e  
t h e  most r e c e n t  nominal; 
submatr ices  A and B; 
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7) Uncertainty i n  t a r g e t  c o n d i t i o n s  be fo re  c o r r e c t i o n  
t o g e t h e r  w i t h  i t s  e igenva lues ,  e igenvec to r s ,  and 
h y p e r e l l i p s o i d s ;  
8) Guidance matr ix .  
The p r i n t o u t  which fol lows t h i s  i s  independent of t h e  type  of 
guidance pol icy.  
I f  t h e  t h r e e - v a r i a b l e  B-plane p o l i c y  i s  used t h e  fol lowing 
d a t a  a r e  p r i n t e d :  
Time a t  which t h e  v e h i c l e  en te red  t h e  sphere of i n -  
f l uence  of t h e  t a r g e t  p l a n e t  on t h e  o r i g i n a l  nominal 
p l u s  i t s  p o s i t i o n  and v e l o c i t y  r e l a t i v e  t o  t h e  t a r g e t  
p l a n e t  and B, B*T,  and B * R ;  
P a r t i a l  of  BOT and B*R w i t h  r e s p e c t  t o  t h e  s t a t e  
v e c t o r  (M-matrix) ; 
Time a t  which t h e  v e h i c l e  en te red  t h e  sphere of i n -  
f l uence  on t h e  most r ecen t  nominal t r a j e c t o r y  p l u s  
i t s  p o s i t i o n  and v e l o c i t y  r e l a t i v e  t o  t h e  t a r g e t  
p l a n e t  and B,  B'T, and B*R; 
V a r i a t i o n  matr ix  ; 
Uncertainty i n  t a r g e t  cond i t ions  be fo re  c o r r e c t i o n  
t o g e t h e r  w i t h  i t s  e igenva lues ,  e i g e n v e c t o r s ,  and 
hyp e r e  11 i p s  o i d  s ; 
Guidance matr ix .  
The a d d i t i o n a l  p r i n t o u t  i s  independent of  t h e  type  of guidance 
p o l i c y  except where noted: 
Covariance matr ix  a s s o c i a t e d  w i t h  v e l o c i t y  components 
p l u s  i t s  eigenvalues ,  e i g e n v e c t o r s ,  and h y p e r e l l i p s o i d s  
( h y p e r e l l i p s o i d s  a r e  not  p r i n t e d  i n  t h e  case  of two 
v a r i a b l e  B-plane guidance due t o  t h e  s i n g u l a r i t y  of 
t h e  m a t r i x ) ;  
Estimated and a c t u a l  d e v i a t i o n  of t h e  s t a t e  v e c t o r  
from t h e  o r i g i n a l  nominal; 
Commanded c o r r e c t  i o n  ; 
P e r f e c t  c o r r e c t i o n ;  
Commanded AV; 
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6 )  E r r o r  i n  c o r r e c t i o n  due t o  nav iga t ion  u n c e r t a i n t y ;  
7 )  Execution e r r o r  ma t r ix  p lus  i t s  e igenva lues ,  e igen-  
8) Modified cova r i ance  m a t r i x  a t  t ime of  guidance event 
t o g e t h e r  w i t h  i t s  e igenva lues ,  e i g e n v e c t o r s ,  and 
h y p e r e l l i p s o i d s ;  
9) Uncer ta in ty  i n  t a r g e t  c o n d i t i o n s  a f t e r  c o r r e c t i o n  p l u s  
i t s  e igenva lues ,  e igenvec to r s ,  and h y p e r e l l i p s o i d s ;  
v e c t o r s ,  and h y p e r e l l i p s o i d s ;  
10) Actual e r r o r  i n  c o r r e c t i o n ;  
11) Actual c o r r e c t i o n ;  
12) Actual e r r o r  a t  t a r g e t  a f t e r  c o r r e c t i o n .  
For a q u a s i - l i n e a r  f i l t e r i n g  event t h e  fol lowing output  w i l l  
be obtained:  
1) S t a t e  v e c t o r  a t  t ime of  q u a s i - l i n e a r  f i l t e r i n g  event 
on o r i g i n a l  nominal, most r ecen t  nominal, and a c t u a l  
t r a j e c t o r y ;  
2 )  S t a t e  t r a n s i t i o n  m a t r i x ;  
3 )  Diagonal o f  dynamic n o i s e  m a t r i x ;  
4 )  Covariance m a t r i x  a t  t ime of q u a s i - l i n e a r  f i l t e r i n g  
5) C o r r e l a t i o n  c o e f f i c i e n t  ma t r ix ;  
6 )  Actual  dynamic n o i s e ;  
7)  Estimated and a c t u a l  d e v i a t i o n s  o f , s t a t e  v e c t o r  from 
8) S t a t e  v e c t o r  o f  “new” nominal a t  time of  q u a s i - l i n e a r  
9)  New a c t u a l  d e v i a t i o n  o f  s t a t e  v e c t o r  from most r ecen t  
event  ; 
most r e c e n t  nominal ; 
f i l t e r i n g  even t ;  
nominal. 
Upon encounter ing t h e  sphere of  i n f l u e n c e  o r  c l o s e s t  approach 
of  the ta rge t  p l a n e t  on any o f  t h e  t h r e e  t r a j e c t o r i e s ,  t h e  p e r t i -  
nent  i n fo rma t ion  i s  p r i n t e d .  
A summary o f  t h e  s imula t ion  mode inc ludes  t h e  fol lowing i tems:  
1) 
2) 
Accuracies  used i n  bo th  nominal and a c t u a l  t r a j e c t o r i e s ;  
Rbdies cons idered  i n  both  nominal and a c t u a l  t r a j e c -  





G r a v i t a t i o n a l  cons t an t  b i a s e s  used i n  a c t u a l  t r a j e c t o r y ;  
Ephemeris b i a s e s  used i n  a c t u a l  t r a j e c t o r y ;  
I n i t i a l  t r a j e c t o r y  t ime; 
F i n a l  t r a j e c t o r y  t ime;  
A t  i n i t i a l  t ime,  p o s i t i o n ,  and v e l o c i t y  of v e h i c l e  
r e l a t i v e  t o  Sun, Ea r th ,  and t a r g e t  p l a n e t ;  
A t  f i n a l  t ime ,  p o s i t i o n ,  and v e l o c i t y  of v e h i c l e  r e l a -  
t i v e  t o  Sun, Ea r th ,  and t a r g e t  p l a n e t  on o r i g i n a l  nom- 
i n a l ,  most r e c e n t  nominal, and a c t u a l  t r a j e c t o r y ;  
Time a t  c l o s e s t  approach p l u s  p o s i t i o n  and v e l o c i t y  of 
v e h i c l e  r e l a t i v e  t o  t a r g e t  p l ane t  on a l l  t h r e e  t r a j e c -  
t o r i e s ;  
The t ime a t  which t h e  v e h i c l e  e n t e r s  t h e  sphere of i n -  
f l uence  of t h e  t a r g e t  p l ane t  i n  a d d i t i o n  t o  t h e  p o s i -  
t i o n  and v e l o c i t y  of t h e  v e h i c l e  r e l a t i v e  t o  t h e  t a r g e t  
p l a n e t  and B, B - T ,  and B*R on a l l  t h r e e  t r a j e c -  
t o r i e s  ; 
Method by which t h e  s t a t e  t r a n s i t i o n  matr ix  i s  computed 
i n  a d d i t i o n  t o  i t s  l i m i t a t i o n s ;  
Number of measurements taken;  
Number of events  p l u s  t h e  number of each type  of even t ;  
Variances of e r r o r s  used i n  guidance even t s ;  
A c t u a l  e r r o r s  used i n  guidance even t s ;  
S t a t i o n  l o c a t i o n  c o n s t a n t s ;  
Dynamic n o i s e  c o n s t a n t s ;  
Actual unmodeled a c c e l e r a t i o n ;  
Estimated measurement n o i s e  c o n s t a n t s ;  
Actual measurement n o i s e  c o n s t a n t s ;  
D i rec t ion  cos ines  f o r  t h r e e  s t a r  p l ane t  a n g l e s ;  
I n i t i a l  s t a t e  v e c t o r  f o r  both nominal and a c t u a l  t r a -  
j e c t o r i e s ;  
F i n a l  s t a t e  v e c t o r  f o r  a l l  t h r e e  t r a j e c t o r i e s ;  
Deviat ion of s t a t e  v e c t o r  from most r ecen t  nominal a t  




26) Actual o r b i t  de t e rmina t ion  inaccuracy a t  f i n a l  time; 
27) I n i t i a l  covariance ma t r ix ;  
28) F i n a l  covariance matr ix .  
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I V .  MAIN PROGRAM STRUCTURE 
The main program is  t h e  r o u t i n e  t h a t  mechanizes t h e  complete 
program f o r  e s t a b l i s h i n g  t h e  mode of o p e r a t i o n  and c o n t r o l s  t h e  
computat ional  process  i n  an o r d e r l y ,  e f f i c i e n t  manner. To ac- 
complish t h i s  t a s k  and f o r  ease i n  development and checkout, t h e  
program has been cons t ruc t ed  i n  a series of major modules, each 
of which i s  i t s e l f  d iv ided  i n t o  a number of s u b r o u t i n e s .  These 
modules serve t o  read t h e  i n p u t  d a t a ,  g e n e r a t e  a nominal trajec- 
t o r y ,  determine t h e  measurement schedules  , check t h e  v a r i o u s  
t r a c k i n g  s t a t i o n s ,  sequence t h e  s p e c i f i c  e v e n t s  t o  b e  used, and 
f i n a l l y  process  t h e  d a t a .  I n  summary, each module performs a 
s p e c i f i e d  l o g i c a l  t a s k .  I n  its s imples t  form, t h e  main program 
s e r v e s  as a l i n k  between t h e s e  modules. 
The main program l o g i c  f o r  u s ing  t h e  t r a j e c t o r y  mode, t a r g e t -  
i n g  mode, e r r o r  a n a l y s i s  mode, and s imula t ion  mode can b e s t  be 
exemplif ied by t h e  s i m p l i f i e d  flow c h a r t  shown i n  f i g u r e  1. A 
complete d e t a i l e d  flow c h a r t  i s  p resen ted  i n  Chapter V. The 
t a r g e t i n g  mode i s  run as a s e p a r a t e  program and i s  shown as a 
d o t t e d  l i n e  i n  f i g u r e  1. To run the  e r r o r  a n a l y s i s  or  s imula t ion  
mode a set of i n j e c t i o n  Conditions are necessa ry .  Since t h e s e  
i n i t i a l  cond i t ions  are e s t a b l i s h e d  by t h e  t a r g e t i n g  mode (un le s s  
s p e c i f i e d  from ano the r  sou rce ) ,  and are an i n p u t  t o  t h e  o t h e r  
t h r e e  modes of t h e  program, t h e  t a r g e t i n g  mode i s  supp l i ed  as a 
separate program. T h i s  a l lows t h e  u s e r  t o  look over t h e  r e s u l t s  
of a t a r g e t i n g  run b e f o r e  using t h e  o t h e r  t h r e e  modes of S T E A L  
To completely understand t h e  l o g i c  i n  each of t h e  o p e r a t i o n a l  
modes, t h e  f o u r  s e c t i o n s  of t h i s  chap te r  review t h e  computat ional  
l o g i c  f o r  each mode. 
program is  d i scussed  i n  Chapter V .  
I n  a d d i t i o n ,  each subrou t ine  used i n  t h e  
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Figure  1.- S impl i f i ed  Schematic of Main Program 
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A. T r a j e c t o r y  Mode Logic 
Refe r r ing  t o  f i g u r e  1, t h e  program s tar ts  by r ead ing  t h e  f i r s t  
d a t a  ca rd  t o  determine t h e  number of  runs  t o  be made and then  
ca l l s  DATA. DATA s u p p l i e s  a l l  t h e  necessa ry  inpu t  f o r  each of  t h e  
fou r  o p e r a t i o n a l  modes. The f i r s t  card  i n  DATA s p e c i f i e s  t h e  mode 
t o  be exe rc i sed .  I n  t h i s  s e c t i o n  t h e  t r a j e c t o r y  mode sequence w i l l  
be  d i scussed .  On r e t u r n i n g  from DATA w i t h  a s e t  of  i n i t i a l  condi -  
t i o n s ,  t h e  NTM module i s  c a l l e d .  This  module determines the  method 
by which t h e  nominal t r a j e c t o r y  w i l l '  be c a l c u l a t e d .  The NTM module 
i n  t u r n  ca l l s  t h e  v i r t u a l  mass subrou t ine  VMP t o  gene ra t e  the  
t r a j e c t o r y .  Returning t o  t h e  main program, a check i s  made t o  d e -  
termine i f  t h e  f i n a l  t r a j e c t o r y  t i m e  ( s p e c i f i e d  by DATA) has been 
reached. I f  i t  has  n o t ,  t he  NTM module i s  c a l l e d  aga in  f o r  t h e  
next  increment o r  t i m e  i n t e r v a l .  This  process  i s  repea ted  u n t i l  
t h e  f i n a l  t r a j e c t o r y  t ime i s  reached,  a t  which time the  PRINT1 
r o u t i n e  i s  c a l l e d .  PRINTl i s  r e spons ib l e  f o r  p r i n t i n g  ou t  a l l  
t h e  v i r t u a l  mass t r a j e c t o r y  d a t a .  The program then  r ecyc le s  f o r  
t h e  next  run  i f  s p e c i f i e d  by i n p u t ,  o therwise  the  program i s  
te rmina ted .  
B. Targe t ing  Mode Logic 
Before d i s c u s s i n g  t h e  a c t u a l  program l o g i c  the  gene ra l  pur-  
pose and scope of t h e  t a r g e t i n g  mode w i l l  be reviewed. The pur-  
pose o f  t he  t a r g e t i n g  mode i s  t o  gene ra t e  a s e t  of i n j e c t i o n  con- 
d i t i o n s  which, when i n t e g r a t e d  forward i n  a t r a j e c t o r y  model 
( i n t e g r a t i o n  accuracy l e v e l ,  g r a v i t a t i o n a l  bodies  cons idered ,  
e t c )  s p e c i f i e d  by the  u s e r ,  y i e l d  a t r a j e c t o r y  s a t i s f y i n g  p re -  
, sc r ibed  miss ion  requi rements .  The gene ra l  miss ion  cond i t ions  
inc lude  a launch d a t e ,  t a r g e t  d a t e ,  launch p l a n e t ,  and t a r g e t  
p l a n e t .  More s p e c i f i c  c o n s t r a i n t s  are  imposed as t a r g e t  condi -  
t i o n s  near  t h e  d e s t i n a t i o n  p l a n e t .  
S ix  op t ions  a r e  allowed i n  the  s p e c i f i c a t i o n  of  t hese  t a r g e t  
cond i t ions .  The f i r s t  two op t ions  a r e  r e a l l y  a u x i l i a r y  t o  t h e  
remainder.  I n  t h e s e  op t ions  a h e l i o c e n t r i c  arc determined by 
t h e  gene ra l  miss ion  cond i t ions  i s  patched t o  an ea r th -cen te red  
hyperbola  c o n s i s t e n t  w i t h  a t y p i c a l  launch p r o f i l e  o r i g i n a t i n g  
from Cape  Kennedy on t h e  i n i t i a l  d a t e .  The i n j e c t i o n  cond i t ions  
a r e  then  computed from t h i s  crude t r a j e c t o r y .  I n  the  f i r s t  op t ion  
t h e  cond i t ions ,  termed the  po in t - to -po in t  cond i t ions ,  are c o r -  
rup ted  by a b i a s  t h a t  improves t h e i r  v a l i d i t y  i n  forming an  
i n i t i a l  i t e r a t e  i n  t a r g e t i n g  n-body t r a j e c t o r i e s .  I n  t h e  second 
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o p t i o n  ( t h e  patched con ic  c o n d i t i o n s )  t h e  b i a s  i s  n o t  included 
so  t h a t  t h e  generated s e t  of i n j e c t i o n  c o n d i t i o n s  i s  a good 
i n i t i a l  i t e r a t e  i n  o b t a i n i n g  t a r g e t e d  patched con ic  t r a j e c t o r i e s .  
I n  the  remaining o p t i o n s  t h e  i n j e c t i o n  cond i t ions  are gener- 
a t e d  t h a t  y i e l d  n-body t r a j e c t o r i e s  c o n s i s t e n t  w i t h  more s p e c i f i c  
t a r g e t  c o n s t r a i n t s .  I n  the third op t ion  t h e s e  t a r g e t  c o n d i t i o n s  
inc lude  t h e  i m p a c t  p lane parameters B e T  and B.R. The time a t  
i n t e r s e c t i o n  of t he  sphere of i n f l u e n c e  tSI i s  on ly  approximated 
i n  t h i s  op t ion .  
B.T and B - R  a long w i t h  t h e  time tSI - a r e  used as t a r g e t  con- 
s t r a i n t s .  The f i f t h  and s i x t h  t a r g e t i n g  o p t i o n s  a r e  both based 
on the  r a d i u s  a t  c l o s e s t  approach r 
r e s p e c t  t o  the  t a r g e t  p l ane t  e q u a t o r i a l  p l ane )  a t  c l o s e s t  approach 
i 
proach cond i t ions  may be converted t o  sphere of i n f l u e n c e  condi-  
t i o n s  B.T, B - R ,  and tsI. I n  the  f i f t h  o p t i o n  i n j e c t i o n  con- 
d i t i o n s  a r e  generated c o n s i s t e n t  w i t h  these  approximating sphere 
of i n f luence  cond i t ions .  I n  t h e  las t  o p t i o n ,  t h e  o p t i o n  5 i n -  
j e c t i o n  cond i t ions  a r e  f i r s t  computed and t h e s e  values  a r e  then 
r e f i n e d  t o  s a t i s f y  t h e  exac t  c l o s e s t  approach cond i t ions  t o  the  
d e s i r e d  t o l e r a n c e s .  These t a r g e t  op t ions  a r e  summarized i n  
t a b l e  1. 
I n  t h e  f o u r t h  o p t i o n  t h e  i m p a c t  plane parameters 
t he  i n c l i n a t i o n  (wi th  CA’ 
These c l o s e s t  a p -  tCA* and the  time a €  c l o s e s t  approach CA’ 








T i t l e  
Po in t  - t o -po in t  
Patched con ic  
%o-va r i ab le  SO1 
Three-var iable  SO1 
Approximate CA 
S t r i c t  CA 
Required inpu t  
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Two op t ions  a r e  provided i n  determining i n j e c t i o n  c o n d i t i o n s .  
The i n j e c t i o n  cond i t ions  may e i t h e r  be r ead  i n  as inpu t  d a t a  o r  
computed i n t e r n a l l y  i n  the  p o i n t - t o - p o i n t  op t ion .  The f i r s t  
o p t i o n  provides  t h e  c a p a b i l i t y  f o r  handl ing problems such as mid- 
cour se  c o r r e c t i o n  ana lyses  o r  m u l t i p l a n e t  swingby t a r g e t i n g  as 
w e l l  as p e r m i t t i n g  t h e  e f f i c i e n t  completion of p a r t i a l l y  t a r g e t e d  
problems 
A f i n a l  o p t i o n  i s  allowed i n  the  s p e c i f i c a t i o n  of t h e  i n t e g r a -  
t i o n  accuracy l e v e l  schedul ing.  For e f f i c i e n c y  t h e  p re l imina ry  
( t a r g e t i n g )  and state t r a n s i t i o n  matrix computations are done at 
the f i r s t  accuracy l e v e l .  
puted a t  t h e  f i r s t  l e v e l  i s  then  used r e p e a t e d l y  a t  t h e  higher  
accuarcy l e v e l s  t o  o b t a i n  improved v e l o c i t y  i t e ra tes .  Lowering 
t h e  f i r s t  accuracy l e v e l  r e s u l t s  i n  more e f f i c i e n t  prel iminary 
t a r g e t i n g  and s t a t e  t r a n s i t i o n  m a t r i x  computation. However the  
g r e a t e r  t h e  d i f f e r e n c e  between t h e  f i r s t  and las t  accuracy l e v e l s ,  
t h e  more l i k e l y  i t  i s  t h a t  t h e  o r i g i n a l  s ta te  t r a n s i t i o n  m a t r i x  
w i l l  l o s e  v a l i d i t y  a t  t h e  f i n a l  accuracy l e v e l .  Pe rmi t t i ng  the  
u s e r  t o  choose t h e  s p e c i f i c  accuracy schedule  t h e r e f o r e  a l lows 
him t o  be as e f f i c i e n t  o r  s ecu re  as he d e s i r e s  t o  be. 
The f i n a l  s ta te  t r a n s i t i o n  m a t r i x  com- 
To understand t h e  s t r u c t u r e  of t h e  t a r g e t i n g  mode, i t  i s  
h e l p f u l  t o  r e f e r  t o  the  schematic diagram of the  main program 
shown i n  f i g u r e  2 .  A d e t a i l e d  flow c h a r t  of t he  t a r g e t i n g  m a i n  
program i s  provided i n  Chapter V. 
The program begins by r ead ing  the  d a t a  f o r  the s p e c i f i c  prob- 
lem under i n v e s t i g a t i o n .  A d i s c u s s i o n  of t h e  i n p u t  d a t a  may be 
found i n  Chapter I1 of t h i s  volume. 
I f  t he  ze ro  i t e r a t e  i n j e c t i o n  c o n d i t i o n s  a r e  n o t  read i n  as 
d a t a  ( I N J E K  = 2) ,  a s e t  i s  computed i n t e r n a l l y  i n  t h e  program 
( I N J E K  = 1). The complex subrou t ine  NJEXN i s  then r e s p o n s i b l e  
f o r  t h i s  t a s k .  NJEXN computes t h e s e  i n j e c t i o n  cond i t ions  by 
patching a h e l i o c e n t r i c  arc determined by the broad mission con- 
s t r a i n t s  t o  an  Earth-centered hyperbola c o n s i s t e n t  w i th  a s t a n d -  
a r d  launch p r o f i l e  from Cape Kennedy. 
The program then e n t e r s  t h e  b a s i c  numerical d i f f e r e n c i n g  cyc le .  
It f i r s t  t a r g e t s  t o  sphere of i n f l u e n c e  c o n d i t i o n s ,  r e g a r d l e s s  of 
t h e  t a r g e t i n g  op t ion .  I f  e i t h e r  of t he  c l o s e s t  approach op t ions  
(op t ions  5 o r  6) are being used, a u x i l i a r y  sphere of i n f luence  
t a r g e t s  are computed a t  t h e  completion of each nominal t r a j e c t o r y  
i n t e g r a t i o n  by c a l l i n g  t h e  sub rou t ine  CASOI. A l l  i n t e g r a t i o n s  i n  
t h e  c y c l e  use t h e  VMP subrou t ine  and i t s  a s s o c i a t e d  subrou t ines  
(VECTOR, W S S ,  ORB, EPHEM, e tc ) .  
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F i g u r e  2 . -  Schematic Diagram of T a r g e t i n g  Program 
The t a r g e t i n g  i s  done i n  p rogres s ive  " l eve l s "  corresponding 
t o  i n c r e a s i n g  i n t e g r a t i o n  a c c u r a c i e s .  A t  t h e  nth l e v e l ,  t h e  
c u r r e n t  i t e r a t e  i n j e c t i o n  c o n d i t i o n s  a r e  i n t e g r a t e d  t o  t h e  sphere 
of i n f l u e n c e .  The t a r g e t  parameters are then  evaluated.  I f  
t h e s e  parameters a r e  n o t  w i t h i n  s p e c i f i e d  t o l e r a n c e s  o f  t h e i r  
t a r g e t  values  and i f  t he  number of i t e r a t i o n s  has n o t  exceeded 
i t s  maximum al lowable f i g u r e  f o r  t h a t  l e v e l ,  a new i t e r a t e  i n -  
j e c t i o n  v e l o c i t y  i s  computed. It i s  computed by us ing  a s t a t e  
t r a n s i t i o n  m a t r i x  t h a t  r e l a t e s  changes i n  t h e  t a r g e t  c o n d i t i o n s  
( a t  t he  sphere of i n f l u e n c e )  t o  changes I n  t h e  i n j e c t i o n  v e l o c i t y  
components. I f  t h e  accuracy l e v e l  i s  a t  i t s  lowest va lue ,  t h i s  
s t a t e  t r a n s i t i o n  ma t r ix  i s  computed numerical ly  about each nominal; 
a t  higher  accuracy l e v e l s  t h e  f i n a l  s t a t e  t r a n s i t i o n  m a t r i x  ca l -  
c u l a t e d  a t  t he  lowest accuracy l e v e l  i s  used r epea ted ly .  Even- 
t u a l l y  the  t a r g e t  e r r o r s  w i l l  be accep tab le  o r  t he  maximum num- 
be r  of i t e r a t i o n s  w i l l  be made. A t  t h i s  p o i n t  t he  accuracy will 
be inc reased  t o  the  next  l e v e l  and t h e  e n t i r e  process  r e p e a t e d ,  
When the t a r g e t i n g  has been accomplished a t  the  f i n a l  a c -  
curacy l e v e l ,  t h e  program checks t h e  t a r g e t i n g  opt ion.  I f  t h e  
t a r g e t i n g  o p t i o n  i s  any of 3 ,  4 ,  o r  5 ,  t he  program i n t e g r a t e s  t h e  
t a r g e t e d  v e l o c i t y  t o  t h e  c l o s e s t  approach of t he  t a r g e t  parameter 
a t  the f i n a l  accuracy l e v e l ,  r eco rd ing  t h e  t r a j e c t o r y  d a t a  a t  
s p e c i f i e d  i n t e r v a l s .  It then r e t u r n s  t o  the  s ta r t  of t h e  program 
t o  accep t  t he  next  problem. 
I f  t he  t a r g e t i n g  op t ion  i s  o p t i o n  6, more work must be done. 
The f i n a l  ( t a r g e t e d )  v e l o c i t y  generated a t  t h e  f i r s t  accuracy 
l e v e l  i s  r e c a l l e d .  It i s  i n t e g r a t e d  a t  t h e  f i r s t  l e v e l  t o  . 
c l o s e s t  approach of t he  t a r g e t  p l a n e t  and t h e  t a r g e t  parameters 
recorded. Three i n t e g r a t i o n s  a r e  made us ing  per turbed v e l o c i t y  
components a t  t h i s  f i r s t  i n t e g r a t i o n  accuracy t o  c o n s t r u c t  a 
s t a t e  t r a n s i t i o n  ma t r ix  now r e l a t i n g  changes i n  t h e  c l o s e s t  a p -  
proach cond i t ions  t o  changes i n  t h e  i n j e c t i o n  v e l o c i t y  components. 
The program now r e t u r n s  t o  the f i n a l  accuracy l e v e l .  It r e c a l l s  
t he  i n j e c t i o n  v e l o c i t y  t a r g e t e d  t o  the a u x i l i a r y  sphere of i n -  
f l uence  cond i t ions  a t  t h i s  l e v e l  and now i n t e g r a t e s  i t  t o  c l o s e s t  
approach, I f  the c l o s e s t  approach e r r o r s  are unacceptable ,  it 
uses  the  c l o s e s t  approach s t a t e  t r a n s i t i o n  m a t r i x  j u s t  computed 
a t  t h e  low accuracy t o  p r e d i c t  an improved i t e r a t e .  The process  
i s  r epea ted  u n t i l  e i t h e r  accep tab le  e r r o r s  a r e  encountered o r  
t h e  maximum al lowable i t e r a t i o n s  have been made. The program 
then  makes a f i n a l  i n t e g r a t i o n  t o  c l o s e s t  approach, r eco rd ing  
the  t r a j e c t o r y  a t  the  d e s i r e d  i n t e r v a l s ,  be fo re  r e t u r n i n g  t o  
the nex t  problem. 
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C .  E r ro r  Analysis  Mode Logic 
Returning from t h e  DATA subrou t ine  as dep ic t ed  i n  f i g u r e  1, 
t h e  e r r o r  a n a l y s i s  mode l o g i c  s tar ts  o u t  by c a l l i n g  the  SCHED 
subrout ine.  The b a s i c  flow of t he  e r r o r  a n a l y s i s  made i s  shown 
i n  f i g u r e  3. Following f i g u r e  3,  SCHED s e t s  up the  measurement 
schedule by p rope r ly  sequencing the times of obse rva t ions  as 
s p e c i f i e d  a t  i n p u t .  It r e t u r n s  c o n t r o l  t o  the main program wi th  
the  type of measurement ( range,  range r a t e ,  o r  onboard types )  and 
t h e  t i m e  t h e  next  measurement i s  t o  b*e made. The time i n t e r v a l  
DELTM i s  then computed. The program next  encounters a l o g i c a l  I F  
s ta tement  t o  determine i f  t h e  l a t e s t  t r a j e c t o r y  time TRTM2 has 
gone past  an event  time. The events  t h a t  can be encountered are 
e igenvec to r ,  p r e d i c t i o n ,  and guidance, The times of t hese  events  
a r e  s p e c i f i e d  by inpu t .  I f  t h e r e  i s  no event  scheduled between 
two measurements, t he  NTM module i s  c a l l e d  w i t h  the  s e t  of 
i n i t i a l  cond i t ions .  The NTM module c a l l s  on the v i r t u a l  mass 
subrou t ine  VMP and r e t u r n s  w i t h  the  f i n a l  t r a j e c t o r y  cond i t ions  
a t  t h e  end of t he  time i n t e r v a l  DELTM. Returning t o  the  main 
program, t h e  s t a t e  t r a n s i t i o n  ma t r ix  module PSIM i s  c a l l e d  w i t h  
t h e  time i n t e r v a l  DELTM, i n i t i a l  s t a t e  v e c t o r ,  and code f o r  the 
method t o  compute the  s t a t e  t r a n s i t i o n  matr ix .  The PSIM module 
then  ca l l s  one of t hese  sub rou t ines ,  depending on t h e  code ISTMC 
which d e s i g n a t e s  t h e  computational procedure used f o r  the s t a t e  
t r a n s i t i o n  m a t r i c e s .  The s t a t e  t r a n s i t i o n  ma t r ix  i s  computed by 
NDlM (numerical  d i f f e r e n c i n g ) ,  o r  PCTM (patched con ic )o r  v i r t u a l  
mass . Once the  ma t r ix  i s  computed, c o n t r o l  i s  r e tu rned  t o  the  
main program where the next  sub rou t ine  DYN@ i s  c a l l e d .  DYN@ 
then  computes t h e  dynamic no i se  ma t r ix  and r e t u r n s .  The next  
sub rou t ine  c a l l e d  i s  T m 4  which i s  r e spons ib l e  f o r  gene ra t ing  
I t h e  obse rva t ion  matrix. TRAKM i s  c a l l e d  w i t h  the f i n a l  t r a j e c -  
t o r y  c o n d i t i o n s  a t  t h e  end of the time i n t e r v a l  and wi th  a code 
t h a t  s p e c i f i e s  what type of t r a c k i n g  w i l l  be used. On r e t u r n i n g  
w i t h  the  obse rva t ion  m a t r i x  the  MEN@ subrou t ine  i s  c a l l e d .  MEN@ 
i s  used t o  compute t h e  measurement n o i s e ,  When c o n t r o l  i s  r e -  
turned t o  the  main program, t h e  f i n a l  sub rou t ine  t h a t  i s  c a l l e d  
i s  NAVM. The nav iga t ion  module NAVM c o n t a i n s  a l l  t h e  necessary 
e s t i m a t i o n  and f i l t e r i n g  equat ions t o  compute covariance ma t r i ces  
and ga in  matrices. Af t e r  t h e  necessary computations a r e  made, 
NAVM r e t u r n s  c o n t r o l  t o  the  main program. PRINT3 i s  then c a l l e d  
t o  w r i t e  o u t  a l l  t h e  necessary d a t a .  The e n t i r e  process  i s  then 
c o n t i n u a l l y  repeated u n t i l  t he  f i n a l  t r a j e c t o r y  time i s  reached, 
a t  which time t h e  problem i s  terminated.  
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Figure 3. - Concluded 
To complete t h e  d i s c u s s i o n  o f  t h e  e r r o r  a n a l y s i s  l o g i c ,  
l o g i c a l  process  followed when an event  time i s  encounter 
be presented.  The event  d e c i s i o n  i s  made a t  t h e  l o g i c a l  
ment a t  t h e  beginning o f  t h e  program. I f  a n  event  t i m e  i s  en- 
countered,  one of t h r e e  sub rou t ines  i s  c a l l e d  depending on t h e  
code f o r  t he  type of even t ,  PRED f o r  a p r e d i c t i o n  event ,  GUID f o r  
a guidance even t ,  and EIGEN f o r  an  e igenvec to r  e v e n t ,  The EIGEN 
r o u t i n e  computes the  necessary e igenvec to r s  and eigenvalues .  
PRED determines t h e  covariance m a t r i x  a t  some f u t u r e  c r i t i c a l  
t i m e  under t h e  assumption t h a t  no f u r t h e r  measurements a r e  made. 
The guidance subrou t ine  GUID determines by code what guidance 
l a w  w i l l  be used ( t h r e e  a r e  p o s s i b l e )  and computes t h e  r e q u i r e d  
guidance matrix. Con t ro l  i s  r e tu rned  t o  t h e  main program a f t e r  
any event  computations a t  which time the  time increment DELTM i s  
updated and t h e  process  repeated j u s t  a t  when no events  have 
occurred . 
When the f i n a l  t r a j e c t o r y  time i s  reached PSIM, DYN@, and 
NAVM a r e  c a l l e d  'co update the  s ta te  t r a n s i t i o n  matrix, and 
covariance m a t r i x ,  PRNTS3 i s  then c a l l e d  t o  p r i n t  o u t  t h e  
f i n a l  d a t a .  I f  t h e r e  a r e  no a d d i t i o n a l  problems t o  be run,  t h e  
program i s  terminated.  
D .  Simulat ion Mode Logic 
The l o g i c  f o r  t he  s imula t ion  mode s tar ts  a f t e r  the DATA sub- 
r o u t i n e  i s  c a l l e d .  A s i m p l i f i e d  schematic of t he  b a s i c  cyc le  of 
t h e  s i m u l a t i o n  mode i s  presented i n  figure.4.  The f i r s t  sub- 
r o u t i n e  c a l l e d  i s  SCHED. This r o u t i n e  is a l s o  used i n  the  e r r o r  
a n a l y s i s  mode. Af t e r  r e t u r n i n g  from SCHED t h e  nex t  time i n t e r v a l  
DELTM i s  computed and t h e  N D 4  module i s  c a l l e d  w i t h  the  i n i t i a l  
t r a j e c t o r y  cond i t ions  of t he  o r i g i n a l  nominal t r a j e c t o r y .  The 
NTM module cal ls  t h e  v i r t u a l  mass t r a j e c t o r y  sub rou t ine  VMP and 
computes t h e  t r a j e c t o r y  cond i t ions  of t he  o r i g i n a l  nominal a t  t h e  
end of t he  time i n t e r v a l .  The NTM module used a t  t h i s  p o i n t  i n  
t h e  program, which i s  d i scussed  i n  more d e t a i l  i n  t h e  a n a l y t i c  
manual, u ses  assumed dynamics t o  gene ra t e  t h e  o r i g i n a l  nominal 
t r a j e c t o r y .  The nex t  s t e p  i n  the  process  i s  an I F  s t a t emen t  
t h a t  determines i f  a q u a s i l i n e a r  f i l t e r i n g  event  has  taken place.  
For now, assume t h a t  no q u a s i - l i n e a r  f i l t e r i n g  event  has been 
made. The PSIM module i s  c a l l e d  w i t h  the  time i n t e r v a l  DEL'IM 
and code f o r  t h e  computation of t h e  s t a t e  t r a n s i t i o n  matrix. Re- 
t u r n i n g  t o  the  main program w i t h  t h e  s t a t e  t r a n s i t i o n  m a t r i x ,  
DYN@ i s  c a l l e d  t o  compute t h e  dynamic n o i s e ,  
of calls i n  t h e  main program a r e  t o  t h e  TRAKM, MEN@, and NAVM 
modules. These t h r e e  modules r e t u r n  the  obse rva t ion  m a t r i x ,  
measurement n o i s e ,  and covariance m a t r i x  as w e l l  as the  g a i n  
matrix. 
The next  sequence 
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COMPUTC : I 
Figure 4 . -  Simulation Mode Logic 
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Figure 4 . -  Concluded 
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The nex t  module c a l l e d  by t h e  main program i s  NTM, When NTM 
i s  used a t  t h i s  computational time t h e  actual dynamics are used 
t o  d e f i n e  t h e  "actual"  t r a j e c t o r y .  The NTM module computes and 
r e t u r n s  t h e  "actual"  s t a t e  v e c t o r .  The DYNO module i s  c a l l e d  
n e x t ,  which r e t u r n s  the  a c t u a l  unmodeled a c c e l e r a t i o n s ,  The 
a c t u a l  d e v i a t i o n  from the  most r e c e n t  nominal t r a j e c t o r y  i s  then 
computed i n  t h e  main program. The TRCSXM module i s  c a l l e d  t o  ca l -  
c u l a t e  and r e t u r n  t h e  most r e c e n t  nominal obse rva t ion .  This same 
module i s  c a l l e d  aga in ,  w i t h  t h e  "actual"  s ta te  v e c t o r ,  t o  compute 
and r e t u r n  what would have been ac tua l ly -measu red  i f  t h e r e  were 
no measurement e r r o r s .  The main program ca l l s  t h e  measurement 
n o i s e  sub rou t ine  MEN@ and computes the  w h i t e  n o i s e  m a t r i x  c o r r u p t -  
i ng  the a c t u a l  measurement. 
m a t r i x ,  t h e  random number gene ra to r  RNUM i s  c a l l e d  t o  compute 
the  wh i t e  no i se  components. The next  computation i n  the  main 
program c a l l s  t h e  sub rou t ine  BIAS, which computes t h e  measurement 
b i a s e s .  On r e t u r n i n g  t o  t h e  main program, t h e  a c t u a l  measure- 
ment, expected measurement, and the  a c t u a l  measurement r e s i d u a l s  
a r e  computed. Other c a l c u l a t i o n s  a r e  performed t o  o b t a i n  t h e  
a c t u a l  o r b i t  de t e rmina t ion  inaccuracy,  a c t u a l  d e v i a t i o n  from t h e  
nominal t r a j e c t o r y ,  and the  e s t ima ted  d e v i a t i o n  from the  o r i g i n a l  
nominal t r a j e c t o r y .  Upon completion of t h e  foregoing computa- 
t i o n s ,  t he  PRINT4 subrou t ine  i s  c a l l e d  t o  wri te  ou t  a l l  t h e  de -  
s i r e d  d a t a .  Af t e r  a subsequent r e t u r n  t o  t h e  main program t h e  
process  i s  r epea ted  by updat ing DELTM. Recycling i s  cont inued 
u n t i l  t he  f i n a l  t r a j e c t o r y  time FNTM i s  reached,  a t  which time 
the  run i s  terminated.  
Af t e r  r e t u r n i n g  w i t h  t h e  w h i t e  n o i s e  
I f  t h e  l a t e s t  t r a j e c t o r y  time TRTM2 has gone p a s t  a scheduled 
event  t ime, t h e  normal mode of o p e r a t i o n  i s  i n t e r r u p t e d .  The 
scheduled event  time and type of event  i s  determined a t  t h i s  p o i n t .  
I f  a q u a s i - l i n e a r  f i l t e r i n g  event  i s  t o  t ake  place, t h e  sub rou t ine  
QUASI i s  c a l l e d .  The o t h e r  p o s s i b l e  e v e n t s ,  e igenvec to r ,  p red ic -  
t i o n ,  o r  guidance would c a l l  EIGSIM, PRESIM, and GUISIM, r e spec -  
t i v e l y .  The computations i n  QUASI update t h e  nominal t r a j e c t o r y  
by t ak ing  i n t o  account t he  est imated d e v i a t i o n s  krom t h e  most 
r e c e n t  nominal t r a j e c t o r y .  The o t h e r  even t s  a r e  i d e n t i c a l  w i t h  
those i n  t h e  e r r o r  a n a l y s i s  mode. Af t e r  t h e  necessary computa- 
t i o n s  a r e  made i n  t h e  event  s u b r o u t i n e s ,  c o n t r o l  i s  r e t u r n e d  t o  
t h e  main program and t h e  normal p rocess ing  of i n fo rma t ion  i s  con- 
t inued u n t i l  t h e  f i n a l  t r a j e c t o r y  time i s  reached. The run  i s  
terminated a t  t h i s  p o i n t  u n l e s s  a d d i t i o n a l  runs a r e  t o  be made. 
To complete t h e  d i s c u s s i o n  of t he  s i m u l a t i o n  mode l o g i c ,  
comments concerning a q u a s i - l i n e a r  f i l t e r i n g  event  are necessary.  
This event  i s  determined a t  t h e  l o g i c a l  I F  s t a t emen t  a t  t h e  
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beginning o f  t h e  run.  Reca l l  t h a t  i n  t h e  s imula t ion  mode fou r  
t r a j e c t o r i e s  a r e  c a r r i e d  a l z n g  from measurement t o  measurezent: \ t h e  o r i g i n a l  nominal, 5 t h e  most r e c e n t  nominal, 
t h e  actual d e v i a t i o n  from t h e  most r e c e n t  nominal, and 6% the  
est imated d e v i a t i o n  from the  most r e c e n t  nominal. I f  a q u a s i -  
l i n e a r  f i l t e r i n g  event  i s  t o  t ake  place, then t h e  o r i g i n a l  
nominal t r a j e c t o r y  i s  updated by us ing  the  most r e c e n t  e s t ima te  
of t h e  nominal t r a j e c t o r y ,  Hence t h e  new values  of the four  
t r a j e c t o r i e s  a f t e r  a q u a s i - l i n e a r  f i l t e r i n g  event  a r e  given by, 
2% 
- - - -+ 
'tev - 'tev 
- 'v- -+ 
+ s'tev t e v  t e v  
x = %  
A -  
t e v  - "tev d$ = d% t e v  
It should be noted t h a t  i f  a q u a s i - l i n e a r  f i l t e r i n g  event  has 
a l r e a d y  taken p l ace  i n  t h e  b a s i c  c y c l e ,  t he  most r e c e n t  nominal 
t r a j e c t o r y  has  t o  be computed i n  the  nominal t r a j e c t o r y  module. 
Upon completion of t he  above computations i n  sub rou t ine  QUASI, 
c o n t r o l  i s  r e t u r n e d  t o  t h e  b a s i c  c y c l e .  
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V. MAIN PROGRAM AM) SUBROUTINE DESCRIPTIONS 
This chap te r  d e s c r i b e s  i n  a l l  necessary d e t a i l  t h e  formula- 
t i o n ,  r a t i o n a l e ,  and computational l o g i c  f o r  the r o u t i n e s  t h a t  
make up t h e  e n t i r e  STEAP. The main program and subrou t ines  a r e  
documented i n  a complete and concise  manner so  t h a t  modif ica-  
t i o n s  t o  t h e  e x i s t i n g  r o u t i n e s  can be made without  much d i f f i c u l t y .  
An a p p r e c i a t i o n  f o r  t h e  complete program l o g i c  may be gained 
by a c a r e f u l  review of each subrou t ine  and i t s  corresponding flow 
c h a r t ,  I f  on ly  program u t i l i z a t i o n  i s  of i n t e r e s t ,  t h e  use r  i s  
r e f e r r e d  t o  t h e  example runs i n  chap te r  V I 1 1  of t h i s  volume. I n  
a d d i t i o n ,  Volume I1 of t h i s  document d i s c u s s e s  s e v e r a l  numerical  
examples. 
A. MAIN Program (STEAP) 
MAIN (T ra j ec to ry ,  Error  Analysis ,  and Simulation Mode) 
Purpose: The MAIN r o u t i n e  i s  t h e  master d r i v e r  f o r  the e n t i r e  
Simulated T r a j e c t o r i e s  Error  Analysis Program (STEAP). MAIN s e t s  
up the  necessa ry  l i nkage  t o  run the t h r e e  o p e r a t i o n a l  modes of 
t h e  program -- t r a j e c t o r y ,  e r r o r  a n a l y s i s ,  and s imula t ion .  The 
t a r g e t i n g  mode has a s e p a r a t e  M A I N  program d e t a i l e d  i n  Sect ion B 
f o l  lowing . 
C a l l i n g  sequence: None. 
Inpu t /ou tpu t :  None. 
Subprograms required:  
BIAS MEN0 PRINT3 SCHED 
DATA NAVM PRINT4 TRAKM 
DYNO NTM PRNTS3 
EIGEN PRED PRNTS4 
EIGSIM PRESIM PSIM 
GUIDM PRINT1 QUASI 
GUTS I M  
Approximate s t o r a g e  r equ i r ed  (OCTAL): 3204. 
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Discussion: I n  des ign ing  STEAP, f l e x i b i l i t y  and computa- 
t i o n a l  speed were t h e  pr ime f a c t o r s ,  The program was designed 
i n  block modules t h a t  have access t o  a l l  t h e  sub rou t ines  w i t h i n  
STEAP. I n  t h i s  manner any subrou t ine  o r  module can be i n s e r t e d  
o r  r ep laced  by the  u s e r .  Hence, t he  MAIN r o u t i n e  i s  r e l a t i v e l y  
s i m p l e  i n  t h a t  each o p e r a t i o n a l  mode ( t h r e e  a v a i l a b l e )  i s  a d e -  
s i g n a t e d  block w i t h i n  MAIN.  The t h r e e  blocks a r e  t a r g e t i n g ,  
e r r o r  a n a l y s i s ,  and s imulat ion.  
The f i r s t  o p e r a t i o n  performed by MAIN r e a d s  i n  a d a t a  ca rd  
t h a t  s i g n i f i e s  t he  number of runs t o  be made. With each succeed- 
i n g  r u n  t h e  MAIN 
v i d e s  a l l ’ t h e  necessary d a t a  f o r  each mode of ope ra t ion .  M A I N  
then proceeds t o  t h e  module f o r  which t h e  program i s  t o  be ex- 
e r c i s e d  and performs the  necessary computational l o g i c .  Con t ro l  
i s  always r e t u r n e d  t o  MAIN a f t e r  each run.  
r o u t i n e  calls t h e  DATA subrou t ine ,  which pro-  
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Computational logic (continued): 









B. MAIN Program (Target ing)  
MAIN (Target ing Mode) 
Purpose: This program c o n t r o l s  t h e  o p e r a t i o n  of t h e  e n t i r e  
t a r g e t i n g  mode. 
C a l l i n g  sequence: None. 
Inpu t /ou tpu t :  Inpu t /ou tpu t  options' a r e  d i scussed  i n  d e t a i l  
i n  Chapter 1 I . B  and 1 I I . B .  
Subprograms r equ i r ed :  
AC TB ESTMT NEWPAGE POSVL 
AUX EULMX NJEXN PRINT 
BLKDAT HYPER ORB S PAC E 
CAS01 HYPSV OT2 TIME 
CONIC INPUTL OUT1 VECTOR 
CONST LAMB PECEQ VMASS 
EPHEM MATIN PLANE VMP 
Discussion: The program i s  descr ibed i n  Chapter 1V.B .  A de -  
t a i l e d  flow c h a r t  i s  given on t h e  following pages. 
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Computational logic: 
5 6  
m ComputatFonal l og ic  (continued): 
57 
Computational logic (concluded): 
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C.  Subrout ines  
1. Subroutine ACTB 
Purpose: Given t h e  g r a v i t a t i o n a l  c o n s t a n t  of a body and the  
i n f l u e n c e  of  p o s i t i o n  and v e l o c i t y  of a v e h i c l e  when i t  e n t e r s  
t h e  sphere o f  t h a t  body, t h i s  r o u t i n e  computes t h e  magnitudes of 
B ,  B O T ,  and B.R.  
C a l l i n g  sequence: CALL ACTB(R, V, GMX, B ,  BDT, BDR) 
Input  i ou tpu t  : 
















B * T  
B * R  
D e f i n i t i o n  
P o s i t i o n  o f  v e h i c l e  
r e l a t i v e  t o  t h e  body 
Veloci ty  of v e h i c l e  
r e l a t i v e  t o  the  body 
G r a v i t a t i o n a l  cons t an t  
o f  t h e  body 
B -plane c o o r d i n a t e s  
Subprograms r equ i r ed :  None, 
Approximate s t o r a g e  r equ i r ed  (OCTAL) : 460. 
Discussion:  The p o s i t i o n  and v e l o c i t y  of the v e h i c l e  r e l a -  
t i v e  t o  the p l a n e t  a r e  used t o  compute t h e  elements t h a t  d e f i n e  
t h e  hyperbola about t h e  p l a n e t .  The s t anda rd  coord ina te  system 
R ,  S, T i s  then  c o n s t r u c t e d .  B i s  de f ined  a s  t h a t  v e c t o r  
l y i n g  i n  the B-plane which extends from t h e  c e n t e r  of t h e  p l a n e t  
t o  the  approach asymptote. F i n a l l y  t h e  va lues  B.T and B . R  a r e  
computed. 
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2 .  Subroutine AUX 
Purpose: This program i s  r e s p o n s i b l e  f o r  t h e  c a l c u l a t i o n  of 
t h e  SPARC i n j e c t i o n  cond i t ions  p r i n t e d  o u t  i n  the  po in t - to -po in t  
c o n d i t i o n s .  
C a l l i n g  sequence: CALL AUX (W, ELAT, ELON, Az, PV, Q ,  TAI,  
ANGl ,  ANG2, TlM1, TlM2, S ,  E ,  RP, GNE, ROT, DJL, TL, TB, PHI ,  
THI ,  MI, MI, T l N J ,  E). 




















Input /  output :  











































D e f i n i t i o n  
Normal t o  launch plane 
L a t i t u d e  of launch s i t e  
Longitude of launch s i t e  
Desired launch azimuth 
Unit  v e c t o r  i n  d i r e c t i o n  of 
p e r i a p s i s  of hyperbola 
Unit  v e c t o r  i n  plane o f  hyper- 
b o l a  perpendicular  t o  PV 
True anomaly a t  i n j e c t i o n  
Angle of f i r s t  burn 
Angle of second burn 
Time of f i r s t  burn,  s e c  
Time of second burn, s e c  
Unit  v e c t o r  i n  d i r e c t i o n  of d e p a r t u r e  
as ymp-t o t e 
E c c e n t r i c i t y  of hyperbola 
P e r i a p s i s  r a d i u s  of hyperbola 
G r a v i t a t i o n a l  c o n s t a n t  of launch p l a n e t  
Ro ta t iona l  r a t e  of launch p l a n e t  
J u l i a n  d a t e  of launch 
Time ( h r )  of launch a f t e r  ze ro  hours on 















A Z I  
T l N J  
n: 
Time between launch and i n j e c t i o n  
I n j e c t i o n  l a t i t u d e  
I n j e c t i o n  long i tude  
I n j e c t i o n  r i g h t  a scens ion  
I n j e c t i o n  azimuth 
Time ( h r )  of i n j e c t i o n  from ze ro  hours 
on d a t e  of launch 
Coast t i m e  
Subprograms required:  None. 
Approximate o c t a l  r equ i r ed :  700. 
Discussion:  The computations i n  t h i s  program a r e  q u i t e  
elementary.  A review of t h e  program l i s t $ n g  i s  s u f f i c i e n t  f o r  
understanding the  program. 
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Purpose: This sub rou t ine  determines which type of measure- 
ment i s  being taken and r e t u r n s  t h e  a c t u a l  measurement b i a s  t o  be 
used i n  t h e  s imula t ion  mode. 
F o r t r a n  
name 
C a l l i n g  sequence: CALL BIAS (MMCODE, BVAL). 
Inpu t lou tpu t :  
Math 




---- A code d e s c r i b i n g  
which type  of 
measur emen t i s  
being taken 
---- The a c t u a l  b i a s  t o  
be used i n  t h e  
measurement 
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  50. 
Discussion: A v e c t o r  BIA(12) i s  i n p u t  t h a t  determines t h e  
I 
a c t u a l  b i a s  t o  be used i n  any given measurement. This v e c t o r  
i s  desc r ibed  i n  more d e t a i l  i n  Chapter 11, Inpu t  Options. Af t e r  
d e c i d i n g  what parameters a r e  be ing  measured, the a p p r o p r i a t e  
v a l u e s  a r e  placed i n  t h e  vec to r  BVAL t o  be r e t u r n e d  t o  t h e  simula- 
t i o n  mode. The l eng th  o f  BVAL may va ry  from one v a l u e  t o  t h r e e  
v a l u e s  according t o  which measurement i s  be ing  taken. 
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4 .  Subroutine BLOCK DATA 
Purpose: This sub rou t ine  con ta ins  t h e  c o n s t a n t s  used i n  
v a r i o u s  o t h e r  parts of t h e  program. 
C a l l i n g  sequence: None. 
Input  / ou tpu t  : None. 
Subprograms required:  None. 
Appro,ximate s t o r a g e  r e q u i r e d  (octal) :  10. 
Discussion: No computations a r e  accomplished i n  t h i s  r o u t i n e .  
The c o n s t a n t s  mentioned above a r e  loaded wi th  the  r e s t  of t h e  
program and a r e  ready f o r  _use immediately. 
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5 .  Subroutine CASOI 
Purpose: This program conver t s  c l o s e s t  approach t a r g e t  con- 
d i t i o n s  t o  sphere of i n f l u e n c e  cond i t ions .  
C a l l i n g  sequence: CALL CASOI (RS, VHE', TTG, EQEC, DINCL, 
DRCA, DB, DBDT, DBDR, TSICA) 
- 












Inpu t / o u  t pu t : 










so I r 








B *  T 
B - R  
A t  
D e f i n i t i o n  
P o s i t i o n  v e c t o r  a t  sphere of i n f luence  
(p l ane t - cen te red  e c l i p t i c )  
Veloci ty  v e c t o r  a t  sphere of i n f l u e n c e  
(p l ane t  -centered e c l i p t i c )  
G r a v i t a t i o n a l  c o n s t a n t  of t a r g e t  
p l a n e t  
Transformation ma t r ix  from e q u a t o r i a l  
t o  e c l i p t i c  coord ina te s  
I n c l i n a t i o n  a t  c l o s e s t  approach, r ad  
Radius a t  c l o s e s t  approach 
Impact parameter 
Impac t  parameter v a r i a b l e  
I m p a c t  parameter v a r i a b l e  
Time from sphere of i n f luence  t o  
c l o s e s t  approach, days 
Subprogram requ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  1500. 
Discussion: The program determines t h e  plane of motion about 
t h e  t a r g e t  p l a n e t  from t h e  t a r g e t  i n c l i n a t i o n  and approach asymptote. 
The normal t o  the  plane of motion p ro jec t ed  on t h e  impac t  plane 
determines t h e  ang le  between the  T-axis and the m i s s  v e c t o r  B. 
B.T and B.R a r e  c a l c u l a t e d  from t h i s  angle .  The time from t h e  
sphere of i n f luence  t o  c l o s e s t  approach i s  based on a patched 





6. Subrout ine CONC2 
Purpose: This sub rou t ine  comeutes the  s ta te  t r a n s i t i o n  
m a t r i x  of dimension 6 x 6 t h a t  r e l a t e s  p e r t u r b a t i o n s  about  a 
nominal t r a j e c t o r y  a t  t h e  times and tk. tk+l 
C a l l i n g  sequence : 
Inpu t / ou  t p u t  






PSIEC (6 ,6)  






A t  
!J 
0 
D e f i n i t i o n  
P o s i t i o n  of t h e  v e h i c l e  
r e l a t i v e  t o  the  governing 
body 
Ve loc i ty  of t h e  v e h i c l e  
r e l a t i v e  t o  t h e  governing 
body 
Time increment over which 
t h e  s ta te  t r a n s i t i o n  matrix 
i s  being computed 
G r a v i t a t i o n a l  c o n s t a n t  of 
t h e  governing body 
S t a t e  t r a n s i t i o n  m a t r i x  
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  1550. 
Discussion:  S t a t e  t r a n s i t i o n  m a t r i c e s  are  used t o  f i n d  small 
d e p a r t u r e s  i n  p o s i t i o n  and v e l o c i t y  from Kepler ian motion a t  two 
and tk. I n  u s i n g  a n a l y t i c a l  methods t o  d i f f e r e n t  t i n e s ,  
determine a, t h e  assumption i s  made t h a t  over a small time 
i n t e r v a l  of an i n t e r p l a n e t a r y  t r a j e c t o r y ,  t h e  motion of t h e  ve -  
h i c l e  i s  e s s e n t i a l l y  a two-body con ic  s e c t i o n .  
tk+l 
Computation of s t a t e  t r a n s i t i o n  matrices i n  t h i s  sub rou t ine  
i s  based on the  method as given by Danby ( r e f .  2 ) .  A d i s c u s s i o n  
of t h i s  technique i s  presented i n  t h e  a n a l y t i c a l  manual, Volume 
I1 of  t h i s  r e p o r t .  
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CONC2 i s  used f o r  both v i r t u a l  mass and patched con ic  state 
t r a n s i t i o n  matrix computations. The d i f f e r e n c e  l i e s  i n  t h e  u s e  
o f  t he  g r a v i t a t i o n a l  parameter p. When computing # from 
v i r t u a l  mass concepts ,  t h e  p of t h e  e f f e c t i v e  f o r c e  c e n t e r  i s  
used. When patched con ic  methods a r e  used, t h e  p of t h e  
dominant body i s  considered i n  t h e  a n a l y s i s .  The method of how 





7. Subrout ine CONIC 
Purpose : This program d e t e p i n e  
s p e c i f i e d  by given p o s i t i o n  and vel0 
C a l l i n g  sequence: CALL CONIC (R, RM, V, VM, A, E, X I ,  XL, W, 
TA, PV, Q, GMX, RP, P, WV). 
- 

















nput /output  : 
F o r t r a n  name 
R ( 3 )  




























D e f i n i t i o n  
P o s i t i o n  vec to r  
P o s i t i o n  v e c t o r  magnitude 
Ve loc i ty  v e c t o r  
Ve loc i ty  v e c t o r  magnitude 
Semi-maj o r  a x i s  
E c c e n t r i c i t y  
I n c l i n a t i o n  
Longitude of ascending noc,: 
Argument o f  p e r i a p s  i s  
True anomaly of s p e c i f i e d  p o s i t i o n  
Standard u n i t  veco to r  i n  d i r e c t i o n  
of p e r i a p s i s  
Standard u n i t  v e c t o r  i n  o r b i t a l  
plane normal t o  PV 
G r a v i t a t i o n  a 1 cons t a n t  o f p rimary 
body 
P e r i a p s i s  r ad ius  
Semi-latus rectum 
Normal t o  o r b i t a l  p l ane  
Subprograms required : None. 
Approximate s t o r a t e  r equ i r ed  ( o c t a l )  : 400. 
Discussion: This i s  a s t anda rd  c o n i c  s e c t i o n  program. 
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8. Subrout ine CONST 
Purpo 
i n  t h e  N J  
Ca l l ing  Sequence : CALL CONST 



































Y l  
t l  
t 2  
+L 
*L 
D e f i n i t i o n  
Index of launch p l a n e t  
Index of t a r g e t  p l a n e t  
Parking orb it rad ius  
True anomaly at  i n j e c t i o n  
Angle of f i r s t  burn 
Angle of second burn 
T i m e  of f i r s t  burn 
T i m e  of second b u m  
La t i tude  of launch s i te  
Longitude of launch si te 
Obl iqu i ty  of launch p l a n e t  o r b i t  
Ascending node of launch p l ane t  
o r b i t  
Ro ta t iona l  rate of launch p l ane t  
Subprograms requi red :  None. 
Approximate s t o r a t e  requi red  ( o c t a l )  : 300. 
Discussion:  The output  parameters are simply set equa l  t o  
des i r ed  values .  
9 .  Subrout ine CONVERT 
C a l l i n g  sequence: CALL CONVERT (R, PHI,  THETA, VEL, GAMMA, 
SIGMA, X, Y, Z,  VX, VY, VZ). 
Input  /output:  
Geocen t r i c  r a d i u s  
D e c  E n a t i o n  
Right  a scens ion  
Ve loc i ty  
Pa th  ang le  
Azimuth 







P o s i t i o n  coord ina te s  
Ve loc i ty  coord ina te s  
Subprograms required:  None. 
Approximate s t o r a g e  r e q u i r e d  ( o c t a l ) :  170. 
Discussion: The fol lowing formulas are used ' to f i n d  t h e  geo- 
c e n t r i c  e q u a t o r i a l  coo rd ina te s  from t h e  given d a t a  i n  t h i s  r o u t i n e :  
x = r cos 4 cos 8 
y = r c o s  4 s i n  8 
z = r s i n  4 
2 = v ( s i n  y cos  0 cos  9 - c o s  y s i n  u s i n  9 - cos  y 
3 = v ( s i n  y cos 4 s i n  8 + cos y s i n  u c o s  9 - c o s  y 
i = v ( s i n  y s i n  4 + cos  y cos  u c o s  4 )  
cos  u s i n  4 cos  9) 
cos  u s i n  4 s i n  8)  
Cal l ing  sequence : CAlLL DATA. 
Input /output  : A l l  communication with tile subrout ine  DATA i s  
accomplished through t h e  u s e  of COMMON b locks .  
arguments" appear  i n  t h e  c a l l i n g  sequence. 
Thus, no "dummy 
Subprograms requi red :  CONVERT, EPHEM, GHA, ORB, TIME, TRANS. 
Approximate s to rage  requi red  ( o c t a l )  : 6530. 
Discussion: To determine t h e  exac t  means of reading d a t a  re- 
f e r  t o  Chapter 11, Input  Options.  For those  v a r i a b l e s  f o r  which 
i t  i s  necessary ,  t h i s  subrout ine  sets i n i t i a l  va lues  be fo re  t r ans -  
f e r r i n g  c o n t r o l  t o  t h e  main program. I n  add i t ion ,  DATA p r i n t s  
t h e  i n i t i a l  condi t ions  of m o s t  v a r i a b l e s  included i n  t h e  name- 
lists . 
11. Subrout ine DYNO 
Purpose: The dynamic n o i s e  matrix f o r  t h e  e r r o r  a n a l y s i s  o r  
s i m u l a t i o n  mode i s  computed. I n  a d d i t i o n ,  DYNO computes t h e  ac- 
t u a l  dynamic n o i s e  used i n  t h e  Simulat ion mode. 
C a l l i n g  sequence : CAZL DYNO (ICODE) . 
Input /output :  
Subprograms required:  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  260. 
Discussion: I f  ICODE = 0, t h e  dynamic n o i s e  m a t r i x  i s  com- 
puted as a f u n c t i o n  of t h e  i n p u t  vec to r  DNCN i n  t h e  fol lowing 
manner : 
Q ( 1 , l )  = 0 . 2 5 ( ~ k ) ~  DNCN(1) 
Q(2,2) = 0,25(AtI4 DNCN(2) 
Q(3,3)  = 0 . 2 5 ( ~ l t ) ~  DNCN(3) 
Q(4,4) = (At)2 DNCN(1) 
Q(5,5) = (At)2 DNCN(2) 
Q(6,6) = ( A t > 2  DNCN(3) 
The a c t u a l  dynamic n o i s e  i s  computed i f  ICODE = 1. The ac- 
t u a l  unmodeled a c c e l e r a t i o n  may be i n p u t .  
low a d i f f e r e n t  v a l u e  of t h e  unmodeled a c c e l e r a t i o n  f o r  each  of 
t h r e e  d i f f e r e n t  t i m e  i n t e r v a l s  a long t h e  t r a j e c t o r y .  
i s  s t o r e d  i n  t h e  v e c t o r  W. 
It i s  p o s s i b l e  t o  al- 
The r e s u l t  
Computational logic: 
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12. Subroutine EIGEN 
Purpose: Th i s  r o u t i n e  i s  c a l l e d  on t o  c a l c u l a t e  t h e  eigen- 
va lues ,  e igenvec to r s ,  and h y p e r e l l i p s o i d s  of t h e  covariance ma t r ix  
a t  a p rev ious ly  s p e c i f i e d  t i m e  which is  known as t h e  t i m e  of an 
e igenvec to r  even t  i n  t h e  e r r o r  a n a l y s i s  mode. 
F o r t r a n  name 
I 
- 
Math symbol D e f i n i t i o n  
C a l l i n g  sequence: CALL EIGEN ( R I ,  TEVN). 
X The s ta te  v e c t o r  d e s c r i b i n g  t h e  
p o s i t i o n - a n d  v e l o c i t y  of t h e  ve- 
h i c l e  at t h e  t i m e  of t h e  l as t  
measurement o r  event  
The t i m e  a t  which t h e  e igenvec to r  
event  i s  t o  t ake  p l a c e  tev 
TEVN 
Subprograms required:  DYNO, HYELS, J A C O B I ,  NAVM, NTM, PSIM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 2530. 
Discussion: The covariance ma t r ix  P i s  propagated forward 
from t h e  t i m e  of t h e  l as t  measurement o r  even t ,  
t h e  formula 
tk-19 through 
P - - P - ’ev, k-1 ‘ev, k-1 k-1, k-1’ ‘iv, k-1 4- ‘ev, k-1 tev9 tk-l 
i s  t h e  s ta te  t r a n s i t i o n  ma t r ix  r e l a t i n g  devia- ‘ev, k-1 where 
t i o n s  i n  t h e  s ta te  vec to r  a t  k-1’ t o  d e v i a t i o n s  a t  t tev 
i s  t h e  dynamic no i se  m a t r i x  a t  time t and P Qev, k -1 ev ’ k - l , k  
i s  t h e  covariance ma t r ix  a t  the  time of t h e  l a s t  measurement 
o r  even t .  
v e c t o r s  and r e l a t e d  h y p e r e l l i p s o i d s  a r e  then  computed and p r i n t e d .  
The subrou t ine  then  r e t u r n s  P = P  and t h e  s t a t e  vec-  
t o c  a t  time t t o  t h e  b a s i c  cyc le  i n  o r d e r  t o  process  t h e  nex t  
measurement o r  event .  
The p o s i t i o n  and/or  v e l o c i t y  e igenvalues  and e igen -  
ev, k-1  ev ,  ev 
ev 
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Computational l og ic :  
Purpose: The o w  of t h i s  sgbrou$iae i s  t~ ob 
formation ne~essa 
mode o f  STEM; tha 
tors of the covariance matrix, F ,  at a given time, 
Calling sequence: CAs;L EIGSIM (RI ,  TEVN, RI1). 
Ingut/outgut: 
1/0 Fortran name z 






Computational logic (concluded): 
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14. Subrout ine  EPHEM 
Purpose: Th i s  sub rou t ine  computes t h e  h e l i o c e n t r i c  e c l i p t i c  
coord ina te s  o f  a given p l a n e t  a t  a s p e c i f i e d  t i m e .  
C a l l i n g  Sequence: CALL EPHEM ( N , D , I C O D E ) .  
I npu t  l ou tpu t :  





D e f i n i t i o n  
Number o f  bodies  f o r  which t h e  compon- 
e n t s  w i l l  be found 
J u l i a n  d a t e ,  epoch 1900, a t  which t h e  
p o s i t i o n  and v e l o c i t y  w i l l  be computed. 
I n t e r n a l  code t h a t  s t a t e s  where t o  p l ace  
t h e  computed va lues  o f  p o s i t i o n  and ve lo -  
c i t y  (explained i n  g r e a t e r  d e t a i l  i n  t h e  
d iscuss ion)  . 
Subprograms requi red :  None. 
Approximate s t o r a g e  requi red  ( o c t a l )  : 1260,  
Discussion:  I n  c a l c u l a t i n g  t h e  i n e r t i a l  coord ina tes  of  t h e  
p l a n e t s ,  EPHEM makes use of  t he  o r b i t a l  e lements  t h a t  have been 
previous ly  ca l cu la t ed  i n  ORB: semimajor a x i s ,  e c c e n t r i c i t y ,  i n -  
c l i n a t i o n ,  l ong i tude  o f  ascending node, and long i tude  of  per ihe-  
l i o n .  This  sub rou t ine  then computes t h e  mean anomaly of  t h e  p l a -  
n e t  and f i n a l l y ,  t h e  coord ina tes  of t h e  p l a n e t .  While N spec i -  
f i e s  t h e  number of  p l a n e t s  f o r  which t h e  coord ina te s  a r e  t o  be 
computed, t h e  vec to r  NO con ta ins  t h e  codes of t h e  p l a n e t s .  
The subrou t ine  al lows two op t ions :  
1) I f  t h e  coord ina tes  f o r  a s p e c i f i e d  p l a n e t  a r e  des i r ed  
independent of  t h e  v i r t u a l  mass program, ICODE should 
be set t o  one (1). The coord ina te  w i l l  t hen  be placed 
i n  a vec to r  XP; 
2) For t h e  v i r t u a l  mass program EPHEM c a l c u l a t e s  t h e  
coord ina te s  o f  a l l  p l a n e t s  being considered i n - t h e  
a n a l y s i s  (N=NBODYI) and t h e  coord ina te s  are placed 
i n  an a r r a y  F .  For t h i s  o p t i o n ,  ICODE = 0 .  
When e i t h e r  of  t h e  above o p t i o n s  i s  exerc ised  t h e  u n i t s  o f  
t h e  p o s i t i o n  and v e l o c i t y  re turned  a r e  A,U. and A,U./day respec-  
t i v e l y .  
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f R i 6 0 N O M C T R I C  
FUNCTIONS O F  
C O O R O I N R T E S  
lo THOSE OF 
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15. Subrout ine ESTMT 
Purpose: This  subrout ine  a c t s  as an  a u x i l i a r y  r o u t i n e  f o r  
VMP i n  computing t h e  t r a j e c t o r y  from t h e  v i r t u a l  mass technique.  
ESTMT updates  t h e  f i n a l  va lues  of t h e  preceding computing i n t e r -  
v a l  t o  s e rve  as i n i t i a l  va lues  f o r  t h e  new s t e p ,  determines t h e  
d e s i r e d  s i z e  of t h e  next  t i m e  increment,  and estimates t h e  f i n a l  
p o s i t i o n  and magnitude of t h e  v i r t u a l  mass. 
Ca l l ing  sequence: CALL ESTMT (DI, DELTM, TRTM) 
Inpu t lou tpu t :  
Time i n t e r v a l  over which t h e  
t r a j e c t o r y  w i l l  be computed 
Subprograms r equ i r ed :  None. 
Approximate s to rage  requi red  ( o c t a l )  : 200. 
Discussion:  I n  determining the  t i m e  increment t o  be used i n  
t h e  next  s t e p ,  ESTMT uses  as a b a s i s  e i t h e r  t h e  t r u e  anomaly i n -  
crement o r  t h e  requested p r i n t  t i m e .  
It i s  necessary  f o r  t h e  purposes of t h e  nominal t r a j e c t o r y  
module t o  r e t u r n  t h e  exac t  pos i t i on  and v e l o c i t y  of t he  v e h i c l e  
a t  t h e  end of t h e  t i m e  per iod over which the  t r a j e c t o r y  i s  being 
computed. Therefore  t h e  f i n a l  t ime i t s e l f  must be computed as 
a c c u r a t e l y  as poss ib l e .  Thus, t = to + A t  and the  ephemeris 
a t  t h e  f i n a l  t i m e  i s  based on t h i s  va lue  of 
f 
tF ,  r a t h e r  than  L n 
= + Atk where Atk i s  t h e  length  of t h e  kth t i m e  t f  to  
k= 1 
increment computed by ESTMT. 
For t h e  formulas used i n  t h e  subrout ine  t o  e s t ima te  t h e  f i n a l  
p o s i t i o n  and magnitude of t h e  v i r t u a l  mass r e f e r  t o  Volume I1 t h e  
a n a l y t i c a l  manual of t h e  f i n a l  r e p o r t .  
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16. Subrout ine  EULMX 
Purpose: Th i s  program computes t%e matrix equi red  t o  d e f i n e  
t r ans fo rma t ions  from one coord ina te  system t o  a 
C a l l i n g  sequence: CALL EULMX (ALP, NN, BET, MM, GAM, LL, P) .  
Inpu t lou tpu t :  













D e f i n i t i o n  
F i r s t  r o t a t i o n  a n g l e  
Second r o t a t i o n  a n g l e  
Third r o t a t i o n  a n g l e  
F i r s t  a x i s  of  r o t a t i o n  
Second a x i s  of r o t a t i o n  
Thi rd  a x i s  of r o t a t a o n  
Transformation m a t r i x  
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r e q u i r e d  ( o c t a l ) :  500. 
Discuss ion:  The program i s  a s t anda rd  one computing t h e  ma- 
t r i x  t h a t  d e f i n e s  t h e  t ransformat ion  from one coord ina te  system 
t o  a new coord ina te  system obta ined  by r o t a t i n g  through a n  ang le  
about  t h e  f i r s t  s p e c i f i e d  a x i s ,  f3 about  t h e  second, and y 
about  t h e  t h i r d .  
17. Subrout ine  GHA 
Purpose: This  r o u t i n e  computes t h e  Greenwich hour a n g l e  and 
t h e  u n i v e r s a l  t i m e  ( i n  days)  which i s  used i n  t h e  t r a c k i n g  module 
t o  o r i e n t  t h e  t r a c k i n g  s t a t i o n s  on a s p h e r i c a l  r o t a t i n g  Ea r th .  
Ca l l ing  sequence: CALL GHA. 
Inpu t lou tpu t :  A l l  communication w i t h  t h i s  r o u t i n e  i s  accom- 
p l i s h e d  through t h e  use  of common s t a t emen t s ,  which exp la ins  t h e  
l a c k  of arguments.  
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 70.  
Discussion:  I n  computing t h e  Greenwich hour a n g l e  of t h e  
ve rna l  equinox a t  some epoch T, t h e  fo l lowing  equa t ion  i s  used: 
GHA(T*) = 100.0755426 + 0.985647346 d + 2.9015 x d2 + u t  
f o r  
where d i s  t h e  i n t e g e r  o r  whole days as determined by Tf;, t 
i s  t h e  f r a c t i o n a l  p a r t  of a day i n  seconds as  determined by Tf:, 
and 
cons t an t .  
w i s  t h e  E a r t h ' s  r o t a t i o n  ra te  i n  degrees lday  and i s  assumed 
The u n i v e r s a l  t i m e  i s  then  computed i n  days from: 
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Computational logic: 
I WE = 3b0.985608288 QEFJD= 2433282.5 I 
C "  






18. Subrout ine GUID 
Purpose: I n  t h i s  sub rou t ine  r-, t h e  guidance matrix i s  com- 
puted, which i s  then r e tu rned  t o  GUIDM t o  be used In computing t h e  
execut ion e r r o r  m a t r i x  f o r  a guidance event  i n  t h e  e r r o r  a n a l y s i s  
mode of STEAP. 
C a l l i n g  sequence: CALL GUID (RF, IGP, T E W ,  GA, ADA).  
I n p u t l o u t p u t :  














D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  of t h e  
v e h i c l e  a t  t h e  t i m e  of t h e  
guidance event  
Guidance code d e s c r i b i n g  which 
of t h r e e  types  of guidance 
p o l i c i e s  i s  being used 
T r a j e c t o r y  t i m e  of t h e  guidance 
event  
Guidance m a t r i x  
V a r i a t i o n  m a t r i x  
Subprograms r equ i r ed :  EPHEM, HYELS, J A C O B I ,  MATIN, NTM, ORB, 
PARTL, PSIM, VARADA. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 3700. 
Discussion:  The type  of guidance p o l i c y  i s  determined i m m e -  
d i a t e l y .  I f  f i x e d - t i m e - o f - a r r i v a l  p o l i c y  i s  being used,  t h e  con- 
d i t i o n s  a t  c l o s e s t  approach are  determined. The M m a t r i x  i s  
obtained (assuming t h e  v e h i c l e  has passed through t h e  sphere of 
i n f luence )  t o  be used la te r  i n  a p r e d i c t i o n  even t .  The s ta te  
t r a n s i t i o n  m a t r i x  i s  then ob ta ined  r e l a t i n g  d e v i a t i o n s  a t  t h e  
t i m e  of t h e  guidance event  t o  those  a t  c l o s e s t  approach. The 
guidance m a t r i x ,  I?, i s  computed, f i n a l l y  from t h e  s t a t e  t r a n s i -  
t i o n  ma t r ix .  
I f  e i t h e r  two-variable  B-plane o r  t h r e e - v a r i a b l e  B-plane 
guidance po l i cy  i s  t o  be used,  t h e  cond i t ions  a t  sphere of i n -  
f l u e n c e  are ob ta ined .  Again, t h e  M m a t r i x  i s  computed. Now, 
i f  two-variable  B-plane guidance po l i cy  i s  d e s i r e d ,  t h e  s ta te  
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t r a n s  i t  ion  matrix r e l a t i n g  d e v i a t i o n s  
p o l i c y  t o  t h o s e  a t  sphere of i n f l u e n  
submatr ices  A and B a 
matrix i s  computed. For 
F i n a l l y ,  i f  t h r e e - v a r i a b l e  B-plane guidance po l i cy  i s  used t h e  
v a r i a t i o n  ma t r ix ,  7, i s  cons t ruc t ed  from VaRADA, which i s  used 
t o  compute t h e  guidance ma t r ix .  
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Computational log ic :  




1 9 .  Subrout ine GUIDM 
Purpose: The execut ion e r r o r  ‘matrix used i n  t h e  guidance event 
i n  t h e  e r r o r  a n a l y s i s  mode of STEAP is  computed i n  t h i s  sub rou t ine .  
I n  a d d i t i o n ,  o t h e r  p e r t i n e n t  information is  c a l c u l a t e d  and p r i n t e d .  
C a l l i n g  sequence: C f i L  GUIDM ( R I ,  T E W ) .  
I n p u t l o u t p u t :  
D e f i n i t i o n  
v e h i c l e  a t  t h e  t i m e  of t h e  last  
measurement o r  event  
T r a j e c t o r y  t i m e  of t h e  guidance 
Subprograms r equ i r ed :  DYNO, G U I D ,  HYELS, J A C O B I ,  NAVM, 
NTM, PSIM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  5360. 
Discussion:  This  sub rou t ine  i s  r e s p o n s i b l e  f o r  a l l  t h e  l o g i c  
a t  a guidance event f o r  t h e  e r r o r  a n a l y s i s  mode. I n  gene ra l  i t  
determines t h e  covariance m a t r i x  p r i o r  t o  t h e  c o r r e c t i o n ,  c a l l s  
t h e  G U I D  sub rou t ine  €or  t h e  guidance m a t r i x  depending on t h e  guid-  
ance p o l i c y ,  and computes t h e  covariance m a t r i x  a s s o c i a t e d  w i t h  
t h e  v e l o c i t y  components. 
I n  a d d i t i o n ,  GUIDM computes t h e  execu t ion  e r r o r  m a t r i x  by one 
of two methods as determined by inpu t .  The f i n a l  ou tpu t  of t h i s  
sub rou t ine  i s  t h e  covariance m a t r i x  of e r r o r s  i f  a c o r r e c t i o n  
would have been made. 
Other computations are made throughout t h e  l o g i c  t o  determine 
e igenvec to r ,  e igenva lues ,  and h y p e r e l l i p s o i d  information of v a r i -  
ous m a t r i c e s .  
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Computational logic: 
C ~ L L  NRVM R E T U R N  
P C t c " )  
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Computational logic (continued): 
c 
f 'Js.r c*-z I 1  
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Computational l o g i c  (concluded):  
-1 
93 
20. Subrout ine G U I S  
Purpose: This  subrout ine  computes r ,  t h e  guidance matrix, 
f o r  use  i n  t h e  guidance event  f o r  t h e  s imula t ion  mode. 
Ca l l ing  sequence: CALL GUIS (RF, RF1, IGP, TEVN, GAY ADA). 

















D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  of t h e  ve- 
h i c l e  on t h e  o r i g i n a l  nominal 
t r a j e c t o r y  a t  t h e  t i m e  of t h e  
guidance event  
P o s i t i o n  and v e l o c i t y  of t h e  ve- 
h i c l e  on t h e  most r ecen t  nominal 
t r a j e c t o r y  a t  t h e  t i m e  of t h e  
guidance event  
An i n t e r n a l  code which determines 
which type  of guidance po l i cy  i s  
being used 
Tra j ec to ry  t i m e  of t h e  guidance 
event  
Guidance ma t r ix  
Var i a t ion  m a t r i x  
Subprograms r equ i r ed :  EPHEM, HYELS, J A C O B I ,  MATIN, NTM, ORB, 
PARTL, VARSIM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  4470. 
Discussion:  A similar method t o  t h a t  desc r ibed  f o r  GUID i s  
employed t o  produce t h e  gamma ma t r ix ,  r .  However, a d i f f e r e n c e  
should be noted i n  t h e  c a l c u l a t i o n  of t h e  M matrix. This  i s  
computed from t h e  information a t  sphere  of i n f luence  on t h e  o r i g -  
i n a l  nominal t r a j e c t o r y  wh i l e  t h e  rest of t h e  c a l c u l a t i o n s  are  
based on t h e  most r ecen t  nominal t r a j e c t o r y .  
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21. Subrout ine G U I S I M  
Purpose: Th i s  subrout ine  i s  r e spons ib l e  f o r  t h e  l o g i c  con- 
t a ined  i n  t h e  guidance event  o f  t h e  s imula t ion  mode. 
C a l l i n g  sequence: C&L GUISIM ( R I ,  TEVN, R I 1 ) .  
Inpu t / ou  tpu t : 









D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  o f  t h e  
v e h i c l e  on t h e  o r i g i n a l  nom- 
i n a l  t r a j e c t o r y  a t  t he  t i m e  of  
t h e  l a s t  measurement o r  event .  
T r a j e c t o r y  time o f  t h e  guid-  
ance event .  
S t a t e  of t h e  v e h i c l e  on t h e  
most r e c e n t  nominal t r a j e c -  
t o r y  a t  t h e  time of  t he  
guidance even t .  
Subprograms r e q u i r e d :  DYNO, GUIS, HYELS, J A C O B I ,  NAVM, NTM, 
PSIM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  5420. 
Discussion:  The GUISIM subrout ine  i s  s imilar  t o  the e r r o r  
' a n a l y s i s  subrout ine  GUIDM i n  t h a t  i t  develops the  l o g i c  a t  a 
guidance even t  f o r  t h e  s imula t ion  mode. 
It computes t h e  execut ion  e r r o r  ma t r ix ,  t h e  covar iance  ma t r ix  
be fo re  and a f t e r  a c o r r e c t i o n ,  and t h e  p r o b a b i l i s t i c  u n c e r t a i n t i e s  
i n  t h e  t a r g e t  cond i t ions  be fo re  and a f t e r  t he  c o r r e c t i o n .  Addi- 
t i o n a l  computations a r e  made t o  determine t h e  commanded co r rec -  
t i o n  @,V t h e  pe r fec t  c o r r e c t i o n  A3, and t h e  e r r o r  i n  c o r r e c -  
C '  
t i o n  due t o  nav iga t ion  u n c e r t a i n t y .  The a c t u a l  c o r r e c t i o n  
i s  a l s o  determined. 
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Computational l o g i c :  
97 





Computational logic (cont inued)  : 
I CALL P t T H l  I 
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22. Subrout ine HYELS 
Purpose: The two-dimensional o r  three-dimensional  hyper- 




I N  
C a l l i n g  sequence: CALL HYELS (KS, P, N ) .  
D e f i n i t i o n  F o r t r a n  Math name symbol 
KS 0 Sigma l e v e l  of  t h e  hyper- 
e l l i p s o i d  . 
P(3,3)  P Matrix f o r  which the  hyper- 
e l l i p s o i d  i s  t o  be computed. 
n Dimension o f  t he  square 
matrix P. 
Input /ou t p u t  : 
~ 
Subprograms r equ i r ed :  MATIN. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 410. 
Discussion:  The subrou t ine  MATIN i s  used to  compute t h e  i n -  
v e r s e  o f  t h e  matr ix  P which i s  a square matrix o f  dimension 
2 x 2 o r  3 x 3. The three-dimensional h y p e r e l l i p s o i d  i s  then 
computed as 
2 2 
ax + by2 f cz2 + dxy + exz + f y z  = 4 
where 
-1 a = P (1,l) 
-1 b = P (2,2) 
-1 c = p (3 ,3)  
For the  two-dimensional h y p e r e l l i p s o i d s  t h e  a p p r o p r i a t e  com- 
ponent i s  s e t  t o  zero.  
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23. Subroutine HYPER 
Purpose: T h i s  program computes the elements of  t h e  launch 
hyperbola on which t h e  i n j e c t i o n  c o n d i t i o n s  a r e  based. 
C a l l i n g  sequence: CALL HYPER (S ,  RP, VHL, GME, ELAT, A ,  E,  
X I ,  XL, XU, W ,  PV, Q ,  A Z ,  C3,  P, DLA, RAL). 
Inpu t /ou tpu t :  

















































D e f i n i t i o n  
Hyperbolic excess  v e l o c i t y  
( e q u a t o r i a l  coo rd ina te s )  
P e r i a p s i s  r a d i u s  (= 6560 km) 
Speed a t  i n f i n i t y  a long  
hyperbola 
G r a v i t a t i o n a l  cons t an t  of  
launch p l a n e t  
L a t i t u d e  of launch s i t e  
Semimajor ax i s  
E c c e n t r i c i t y  
I n c l i n a t i o n  
Longitude o f  ascending node 
Argument of  p e r i a p s i s  
Normal t o  plane 
Un i t  v e c t o r  d i r e c t e d  toward 
pe r  i a p  s i s 
Unit  v e c t o r  normal t o  P i n  




D e c l i n a t i o n  o f  depa r tu re  
Right ascens ion  o f  de- 
p a r t u r e  asymptote 
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 600. 
Discussion:  This  program i s  adapted from programs i n  t h e  
SPARC program ( r e f  1). 
due e a s t  launch, b u t  i f  t h a t  i s  imp b l e  (with t h e  approaxh 
asymptote c o n s t r a i n t s )  i t  i s  r e s e t  t h e  program t o  a rea l -  
i s t i c  v a l u e .  The p e r i a p s i s  r a d i u s  e t  equal  t o  the  d e s i r e d  
parking o r b i t  r a d i u s .  Otherwise the  program i s  a s tandard conic  
program, 
The nominal launch azimuth i s  s e t  f o r  a 
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Purpose: Th i s  program comp 
v e c t o r s  i n  e c l i p t i c  and equa to r  
p e r i a p s i s  a t  a g iven  r a d i u s  on a s p e c i f i e d  hyperbola .  
C a l l i n g  sequence: CALL HYPSV (R,  P, E, C 3 ,  VHL, GME, RP, W, 
Q ,  TA, XEQ, VEQ, VS, GAM, TS, X E C ,  VEC, ECEQ). 


















































D e f i n i t i o n  
Radius a t  which s t a t e  i s  
d e s i r e d  
Semilatus  r e c t u m  
E c c e n t r i c i t y  
Energy 
Hyperbolic excess  v e l o c i t y  
G r a v i t a t i o n a l  c o n s t a n t  of  
primary 
P e r i a p s i s  r a d i u s  
U n i t  v e c t o r  t o  p e r i a p s i s  
from primary 
Uni t  v e c t o r  normal t o  P i n  
plane o r  o r b i t  
True anomaly a t  given r a d i u  
P o s i t i o n  v e c t o r  a t  g iven  r a d i u s  
( e q u a t o r i a l  c o o r d i n a t e s )  
V e l o c i t y  v e c t o r  a t  g iven  r a d i u s  
(equator  i a  1 coord ina te s )  
Speed a t  g iven  r a d i u s  





c t o r  a t  given 
i p t i c  coord ina te s )  
V e l o c i t y  v e c t o r  a t  given 
r a d i u s  ( e c l i p t i c  coord ina te s )  
Transformation matrix from 
e c l i p t i c  t o  e q u a t o r i a l  
coo rd ina te s  
Subprograms r equ i r ed :  none, 
Approximate s t o r a g e  r equ i r ed  (oc ta l ) .  : SOO. 
Discussion:  
I :  
This  program i s  a s t anda rd  coh ic  program. 
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25, Subroutine INPUTZ 
Purpose: Th i s  sub rou t ine  i s  respons e f o r  conve r t ing  the 
i n p u t  informatiod f o r  t h e  v i r t u a l  mass p 
compatible w i t h  t h e  r e s t  of t h e  v i r t u a l  mass subrou t ines .  
ram i n t o  v a r i a b l e s  
C a l l i n g  sequence: CALL INPUTZ (RS' NTP' IPRINT), 
Inpu t lou tpu  t : 









D e f i n i t i o n  
H e l i o c e n t r i c  e c l i p t i c  coor- 
d i n a t e s  o f  t he  v e h i c l e  a t  
t he  i n i t i a l  t i m e ,  
Code number of  t he  t a r g e t  
p l a n e t  . 
An i n t e r n a l  code used t o  
determine i f  t h e  p r i n t i n g  
of  i n i t i a l  information i s  
d e s i r e d .  
Subprograms r equ i r ed  : NEWPGE, SPACE, TIME. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  520. 
Discussion:  Th i s  r o u t i n e  conve r t s  a l l  i npu t  information i n t o  
the  proper u n i t s  i n  a d d i t i o n  t o  s e t t i n g  t h e  c o r r e c t  v a r i a b l e  names 
and p r i n t i n g  the  i n i t i a l  information i f  d e s i r e d .  I f  t h e  i n p u t  
v a r i a b l e  IPRINT = 0,  t he  i n i t i a l  d a t a  w i l l  be p r i n t e d .  Other- 
-ise, no i n i t i a l  p r i n t o u t  w i l l  o c c u r ,  
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26 Subrout ine JACOBI 
Purpose: The e igenva lues  and e igenvec to r s  of a given matrix 
are computed and r e tu rned .  
C a l l i n g  sequence: CALL JACOBI  (A, W2, V,  N ,  FOD). 
Input /output :  
t h e  
A. 
Fortran name Math symbol D e f i n i t i o n  
Input  ma t r ix  t o  be diagonal ized 
( w i l l  be des t royed) .  
Output v e c t o r  of e igenva lues .  
Output ma t r ix  of e igenvec to r s  
[ s i z e  (N, N)'] . 
Dimension of square matrix A. 
F i n a l  off-diagonal  a n n i h i l a t i o n  
value.  
Subprograms required:  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  440 .  
Discussion: The subrou t ine  uses  t h e  t h r e s h o l d  v e r s i o n  of 
J a c o b i  method f o r  computing e igenva lues  and e igenvec to r s  of 
The A m a t r i x  should b e  real and symmetric. 
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27. Subrout ine LAMB. 
Purpose: This  program s o l v e s  f o r  heliocencri i p  tical 
t r a n s f e r  o r b i t s  t h a t  are s p e c i f i e d  by an i n  
r a d i u s ,  a c e n t r a l  angle ,  and a t i m e  of f l i g h t .  
s, a final 
Ca l l ing  sequence: CALL LAMB (RL, RP, PSI, TF, GM, LOC, NTYS, 
A, E ,  P ,  VL, VP). 
Input  /output  : - 








































. D e f i n i t i o n  
~ 
Hel iocen t r i c  launch p l a n e t  r a d i u s  
H e l i o c e n t r i c  t a r g e t  p l a n e t  r ad ius  
Trans fe r  angle, .  r a d i  
T i m e  of f l i g h t ,  days 
G r a v i t a t i o n a l  cons t an t  of sun 
Flag i n d i c a t i n g  whether i t e r a t i v e  
process  converged (LOC 4 )  o r  
f a i l e d  (LOC 5 ) .  
NTYS = 1 f o r  o 5 
= 2 f o r  180' 5 I) 5 360' 
Semimajor a x i s  of h e l i o c e n t r i c  
el l ipse 
E c c e n t r i c i t y  of h e l i o c e n t r i c  el- 
l i p s e  
Semilatus rectum of h e l i o c e n t r i c  
e l l i p s e  
True anomaly at launch, r a d i  
1800 
True anomaly at a r r i v a l ,  r a d i  
Subprograms requi red :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  1100. 
Discussion:  This  program is a s i m p l i f i e d  ve r s ion  of t h e  Lam- 
bert-theorem program LAMC discussed  i n  r e fe rence  1. 
n o t  compute hype rbo l i c  cases; however, s i n c e  energy l i m i t a t i o n s  do 
n o t  a l low h e l i o c e n t r i c  hype rbo l i c  t r a n s f e r s  from Ear th  launch t h i s  





Purpose: This  sub rou t ine  computes t h e  i n v e r s e  of t h e  inpu t  
matrix. 





For t r an  name Math symbol D e f i n i t i o n  
A(1) A Matr ix  t h a t  is  t o  be inve r t ed .  
R ( 1 )  R Inverse  of mat r ix  A. 
N n S ize  of mat r ix  A. 
Subprograms requi red :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  1610. 
Discussion: The subrout ine  uses  t h e  border ing  method of ma- 
t r i x  inve r s ion .  Matrices A and R may sha re  t h e  same loca-  
t i o n s  i n  which case  A i s  destroyed.  
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29.  Subrout ine MENO 
1 / 0  F o r t r a n  name D e f i n i t i o n  - 
I MMCODE Measurement model code. 
I ICODE I n t e r n a l  code used t o ' d i s t i n g u i s h  
between t h e  two a l t e r n a t i v e  l i s t e d  
above. 
Purpose: The measurement n o i s e  m a t r i x  is determined and re- 
turned t o  t h e  b a s i c  c y c l e .  A l t e r n a t e l y ,  t h e  a c t u a l  measurement 
n o i s e  may be determined. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  140. 
Discussion: The measurement n o i s e  is i n p u t  f o r  each type of 
measurement. MENO chooses t h e  c o r r e c t  va lue  according t o  MMCODE 
and p l a c e s  i t  i n  t h e  appropr i a t e  l o c a t i o n .  I f  ICODE = 0,  MENO 
computes t h e  measurement n o i s e  ma t r ix ,  R, f o r  both t h e  e r r o r  
a n a l y s i s  and s imula t ion  modes. However, i f  t h e  a c t u a l  measurement 
n o i s e  ma t r ix ,  AR, i s  d e s i r e d  f o r  t h e  s i m u l a t i o n  mode, ICODE = 1. 
111 
Computational l o g i c  : 
MI M M C O O  
1 1 2  
30. Subroutine MUND 
Purpose: MUND i s  r e s p o n s i b l e  f o r  computing t h e  augmented por- 
t i o n  of t h e  s ta te  t r a n s i t i o n  m a t r i x  when t h e  g r a v i t a t i o n a l  cons t an t  
of t h e  Sun o r  of t h e  t a r g e t  p l a n e t  has  been augmented t o  t h e  b a s i c  
state v e c t o r .  
C a l l i n g  sequence: CALL MUND ( R I ,  RF, POSS) . 











D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  of t h e  vehi- 
cle a t  t h e  beginning of t he  t i m e  
i n t e r v a l .  
P o s i t i o n  and v e l o c i t y  of t he  vehi- 
cle at t h e  end of t h e  t i m e  i n t e r -  
v a l .  
Distance of t h e  v e h i c l e  from the  
t a r g e t  p l a n e t  a t  t h e  i n i t i a l  t i m e .  
Subprograms r equ i r ed  : NTM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  240.  
Discussion:  A numerical  d i f f e r e n c i n g  technique i s  used t o  
compute t h a t  augmented p o r t i o n  of t h e  s ta te  t r a n s i t i o n  ma t r ix  
which relates t o  t h e  g r a v i t a t i o n a l  c o n s t a n t s  of t h e  Sun and of 
t h e  t a r g e t  p l a n e t .  Tine amount by which t h e  g r a v i t a t i o n a l  con- 
' s t a n t  of e i t h e r  body i s  a l t e r e d  may b e  i n p u t  as d a t a  o r  i n  t h e i r  
absence, t h e  program w i l l  assume t h e  v a l u e s  s p e c i f i e d  i n  DATA. 
The p o r t i o n  of t h e  state t r a n s i t i o n  matrix r e l a t i n g  d e v i a t i o n s  
of t h e  g r a v i t a t i o n a l  cons t an t  of t h e  t a r g e t  p l a n e t  w i l l  be as- 
sumed zero u n t i l  t h e  v e h i c l e  approaches a d i s t a n c e  from t h e  tar- 




31. Subrout ine NAVM 
. 
1/0  F o r t r a n  name D e  f i n i  t i  on 
I NR Number of rows i n  t h e  measurement 
n o i s e  ma t r ix  . 
I ICODE I n t e r n a l  code which determines i f  
a measurement is be ing  processed 
(see d i cuss ion )  
Purpose: The nav iga t ion  module propagates  t h e  covariance ma- 
t r i x  from t h e  t i m e  of t h e  last measurement o r  event  t o  t h e  pre-  
s e n t  through t h e  use  of t h e  s t anda rd  Kalman a lgor i thm.  
Ca l l ing  sequence: CALL NAVM (NR, ICODE) . 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  470.  
Discussion:  The s tandard  Kalman f i l t e r i n g  equat ions  are 
used t o  propagate  t h e  covariance mat r ix  P.  
P +  oT 
- 
‘k, k-1 k-1 k,  k-1 + ‘k, k-1 Pk = P ( tk, ‘k-1) = 
I f  ICODE = 1, no measurement i s  being processed and P- = P+ i s  k k  
However, i f  a tk * r e tu rned  as t h e  covariance ma t r ix  a t  t i m e  
measurement i s  indeed be ing  processed,  ICODE = 0 and 
c u l a t e d .  
P: i s  ca l -  
+ -  - 
a l s o  Pk = Pk - % % Pk 
Note: I f  no measurement: is  being processed ( a s  i n  an event )  t he  
c a l l i n g  sequence should be  CALL NAVM (1, 1) as t h e  va lue  of NR 




r4 R E T U R N  
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3 2 .  Subrout ine NDTM 
Purpose: The numerical  d i f f e r e n c i n g  technique i s  used t o  com- - 
pu te  t h e  unaugmented porcion o f r t h e  s t a t e  t r a n s i t i o n  ma t r ix ,  
I 
C a l l i n g  Sequence: 
Inpu t  lou tput :  
CALL NDTM (RI,  RF) . 
c l e  a t  t h e  beginning of  t h e  t i m e  
Subprograms Required : NTM. i 
Approximate s t o r a g e  requi red  ( o c t a l )  : 220.  
Discussion:  The numerical  d i f f e r e n c i n g  technique used t o  com- 
pu te  t h e  unaugmented po r t ion  of t h e  s t a t e  t r a n s i t i o n  matr ix  con- 
s i s t s  of  a l t e r i n g  each component of  t h e  i n i t i a l  s t a t e  vec to r  i n  
i t s  t u r n  and f ind ing  the  f i n a l  s t a t e  vec to r  corresponding t o  t h e  
new i n i t i a l  cond i t ions .  This  r e s u l t s  i n  ob ta in ing  s i x  "new" s t a t e  
v e c t o r s  a t  t h e  f i n a l  t i m e ,  one corresponding t o  each a l t e r e d  i n i -  
t i a l  component. The s t a t e  t r a n s i t i o n  mat r ix  then c o n s i s t s  o f  t h e  
d i f f e r e n c e s  i n  each component o f  t h e  f i n a l  s t a t e  vec to r  divided 
by t h e  amount by which t h e  i n i t i a l  component was a l t e r e d .  
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Computational l o g i c :  
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33. Subroutine NEWPGE 
Purpose: This sub e is 
v i r t u a l  mass program w i n t  - 
i s  d e s i r e d .  NEWPGE p r i n t s  t h e  a 
o f  each page. 
C a l l i n g  sequence: CALL NEWPGE. 
Input /  output :  None. 
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  100. 
Discussion: I f  a new page i s  d e s i r e d  i n  t h e  p r i n t e d  ou tpu t ,  
NEWPGE i s  c a l l e d .  It al lows the p r i n t e r  t o  s k i p  t o  the  top 
of t h e  nex t  page and p r i n t s  t he  v i r t u a l  mass heading. 
p u t a t i o n s  r e l a t i n g  t o  t h e  technique are accomplished. 
No com- 
11 9 
34. Subroutine NJEXN 
Purpose: This program computes patched con ic  i n j e c t i o n  con- 
d i t i o n s  corresponding t o  a mission s p e c i f i e d  by a launch d a t e  
and p l a n e t ,  and a t a r g e t  d a t a  and p l ane t .  
C a l l i n g  sequence: CALL NJEXN (JC3, J I J T ,  NDD, NTT, DDJD,  
TTJD, HHRl,  HHVl, S) .  - 











F o r t r a n  name 









Subprograms r equ i r ed :  
D e f i n i t i o n  
F lag  i n d i c a t i n g  whether b i a sed  
(JC3=1) o r  unbiased (JC3=0) 
c o n d i t i o n  are generated 
Flag i n d i c a t i n g  whether i n -  
j e c t o r  time i s  updated (=O)  
o r  n o t  (=1) 
Index s p e c i f y i n g  launch p l a n e t  
Index s p e c i f y i n g  t a r g e t  p l a n e t  
J u l i a n  d a t e  of launch ( i f  
J l N J P O ,  ou tpu t  as i n j e c t i o n  
t ime) 
J u l i a n  d a t e  of encounter 
I n j e c t i o n  p o s i t i o n  v e c t o r  
(launch p l a n e t  e c l i p t i c )  
I n j e c t i o n  v e l o c i t y  v e c t o r  
( launch p l a n e t  e c l i p t i c )  
Excess v e l o c i t y  a t  t a r g e t  
p l a n e t  
AUX, CONST, EPHEM, HYPER, HYPSY, 
LAMB, ORB, O T 2 ,  PLANE, POSVL, TIME. 
Approximate s t o r a g e  requied ( o c t a l ) :  1500. 
Discussion: The NJEXN program i s  e s s t e n t i a l l y  e q u i v a l e n t  t o  
the  patched con ic  t r a j e c t o r y  p o r t i o n  of  t h e  SPARC program de -  
veloped i n  r e f e r e n c e  l. A summary of t he  a n a l y t i c a l  b a s i s  o f  
t h i s  program i s  provided i n  Volume 11. lcwo main op t ions  have 
been added t o  t h e  SPARC program i n  t h e  NJEXN program. 
120 
NJEXN gene ra t e s  e i t h e r  of two q u i t e  similar s e t s  of i n j e c t i o n  
cond i t ions .  The f i r s t  s e t  s p e c i f i e d  by s e t t i n g  t h e  i l a g  JC3=1 
i s  a good z e r o - i t e r a t e  f o r  n-body t r a j e c t o r y  t a r g e t i n g  (and i s  
e q u i v a l e n t  t o  the  SPARC cond i t ions ) ;  t h e  second s e t  determined 
when JC3=0 i s  c l o s e r  t o  the  condis ions r equ i r ed  f o r  a t a r g e t e d  
patched con ic .  The d i s t i n g u i s h i n g  computation of the two op t ions  
i s  i n  the  c a l c u l a t i o n  o f  t he  v e l o c i t y  a t  i n f i n i t y  V be fo re  d e -  
termining the  near  launch p l a n e t  hyperbola (HYPER). I f  JC3=1, 
V i s  s e t  equal  t o  V1 where V1 i s  the  magnitude of t h e  
d i f f e r e n c e  between t h e  h e l i o c e n t r i c  e l l i p s e  v e l o c i t y  vec to r  and 
t h e  launch p l a n e t  o r b i t a l  v e l o c i t y  v e c t o r .  
( i n  t h e  patched con ic  sense )  s i n c e  t h e  speed 
d e s i r e d  a t  the  sphere of i n f luence  of t h e  p l a n e t  where the  h e l i o -  
c e n t r i c  patching occurs .  Thus, t he  actual d e s i r e d  v e l o c i t y  a t  
i n f i n i t y  ( f o r  a patched con ic )  becomes V = ,/-. 
This i s  t h e  excess v e l o c i t y  used when JC3=0, which y i e l d s  i m -  
proved i n j e c t i o n  v e l o c i t i e s  f o r  a patched c i c  t r a j e c t o r y .  
m 
m 
This i s  no e r r o r  
V1 i s  a c t u a l l y  
m 
The second op t ion  i s  provided by a f l a g  1NJT. I f  J l N J T  =O, 
t h e  i n i t i a l  d a t e  i s  updated w i t h i n  t h e  program t o  the  i n j e c t i o n  
time. I f  J l N J T = l  t h e  i n i t i a l  time i s  l e f t  as i t s  o r i g i n a l  va lue .  
1 2 1  
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Computational logic: 
35. Subrout ine NTM 
Purpose: NTM acts  as an  in t e rmed ia t e  r o u t i n e  between t h e  
program c a l l i n g  f o r  t r a j e c t o r y  informat ion  and t h e  v i r t u a l  mass 
t r a j e c t o r y  program i t s e l f .  This subdout ine s e t s  v a r i o u s  codes 
accord ing  t o  which t r a j e c t o r y  i s  be ing  r u n  and what in format ion  
i s  d e s i r e d  on r e t u r n  t o  the  c a l l i n g  program. 
C a l l i n g  sequence: CALL NTM (RI, RF, NTMC, ICODE).  











D e f i n i t i o n  
S t a t e  vec to r  of  t h e  v e h i c l e  a t  
t h e  beginning of the  t i m e  i n t e r v a l  
P o s i t i o n  and v e l o c i t y  a t  t he  f i n a l  
t ime 
Nominal t r a j e c t o r y  module code 
t h a t  determines which type of 
t r a j e c t o r y  program i s  t o  be used. 
(Note: on ly  t h e  v i r t u a l  mass 
technique  i s  suppl ied  w i t h  t h i s  
program. However, w i t h  l i t t l e  e f -  
f o r t  any t r a j e c t o r y  program may be  
added as an  extra op t ion )  
I n t e r n a l  code t h a t  determines 
which t r a j e c t o r y  i s  be ing  run  and 
what in format ion  i s  d e s i r e d .  
Subprograms r equ i r ed :  VMP. 
Approximate s t o r a g e  requied  ( o c t a l ) :  1630. 
Discuss ion:  NTM may be  used t o  gene ra t e  any o f  t h e  t h r e e  
t r a j e c t o r i e s  t h a t  are needed i n  t h e  s imula t ion  mode of  STEAP -- 
t h e  o r i g i n a l  nominal t r a j e c t o r y ,  t h e  most r e c e n t  nominal t ra jec-  
t o r y ,  and t h e  a c t u a l  t r a j e c t o r y .  
The inpu t  v a r i a b l e  ICODE i s  used t o  d i s t i n g u i s h  between t h e s e  
t r a j e c t o r i e s .  It i s  unimportant  t o  t h e  v i r t u a l  mass technique  
which t r a j e c t o r y  i s  be ing  computed. However, i t  i s  important  t o  
keep them sepa ra t ed  s o  t h a t  t h e  proper  codes are s e t  t h a t  check 
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f o r  approaching t h e  sphere of i n f l u e n c e  of t he  t a r g e t  p l a n e t  and 
r each ing  c l o s e s t  approach. It i s  a l s o  important t o  keep s e p a r a t e  
t h e  cond i t ions  a t  which t h e s e  occur f o r  each t r a j e c t o r y .  The 
fol lowing l i s t  d e s c i r b e s  ICODE completely.  
ICODE = 3, NTM w i l l  check t o  s e e  i f  t h e  sphere o f  i n f luence  
and/or  c l o s e s t  approach has been reached on the  
a c t u a l  t r a j e c t o r y .  I f  n o t ,  VMP w i l l  check f o r  t h e s e  
cond i t ions  and on encounter ing e i t h e r ,  NTM p l aces  
t h e  cond i t ions  i n  s p e c i a l  s t o r a g e  l o c a t i o n s  so  they 
w i l l  be saved f o r  futur-e r e fe rence .  
ICODE = 2 ,  NTM performs t h e  same ope ra t ions  as desc r ibed  
ICODE = 1, NTM a g a i n  checks f o r  sphere o f  i n f luence  and 
above f o r  the most r e c e n t  nominal t r a j e c t o r y .  
c l o s e s t  approach as above f o r  t he  o r i g i n a l  nominal 
t r a j e c t o r y .  
i s  t h e  s t a t e  v e c t o r  a t  t h e  end of the time i n t e r v a l .  
Therefore ,  NTM does n o t  check t o  see  i f  c l o s e s t  
approach o r  sphere of i n f l u e n c e  i s  encountered. 
This might occur i n  numerical d i f f e r e n c i n g ,  f o r  
example. 
o r  c l o s e s t  approach i s  reached on the o r i g i n a l  
nominal t r a j e c t o r y .  However, i t  i s  n o t  d e s i r e d  
t h a t  t h e  information be s t o r e d  f o r  f u t u r e  use.  
This s i t u a t i o n  occurs  i n  the guidance event .  
ICODE = -2 ,  t h e  same comments may be made as i f  ICODE = -1, 
except  t h i s  i s  on t h e  most r e c e n t  nominal t r a j e c -  
t o ry .  
as i s  ICODE =--I, f o r  t h e  a c t u a l  t r a j e c t o r y .  
ICODE = 0, t h e  on ly  important information i n  t h i s  s i t u a t i o n  
ICODE = -1, i t  i s  important t o  know i f  sphere of i n f luence  
ICODE = -3 ,  a g a i n ,  t h i s  va lue  of ICODE i s  t r e a t e d  the  same 
It should be pointed ou t  t h a t  t he  only d i f f e r e n c e  between 
t h e  o r i g i n a l  nominal t r a j e c t o r y  and the  most r e c e n t  nominal t r a j e c -  
t o r y  i s  t h a t  t h e  most r e c e n t  nominal t r a j e c t o r y  may be updated 
a t  any t i m e .  However, t he  phys ica l  c o n s t a n t s ,  t h e  ephemeris, 
and o t h e r  p e r t i n e n t  information are e x a c t l y  the  same i n  t h e  two 
t r a j e c t o r i e s .  This i s  not t r u e  of t h e  a c t u a l  t r a j e c t o r y .  There 
may be b i a s e s  i n  t h e  ephemeris, i n  the g r a v i t a t i o n a l  c o n s t a n t s  
of va r ious  bodies  involved,  o r  more bodies  may be added t o  t h e  
a n a l y s i s  f o r  the a c t u a l  t r a j e c t o r y .  NTM handles t h e  l o g i c  i n -  
volved f o r  a l l  of t h e s e  op t ions .  
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Computational logic:  
I 
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3 6 .  Subroutine ORB 
Purpose: The orbitzal elements -- inclination, longitude of 
ascending node, longitude of perihelion, eccentricity, and length 
of semimajor axis -- w e  computed for a specified planet at a 
given time. 
Calling sequence: CALL ORB (IP, D). 




Code number of planet 
= 1, Sun 
= 2, Mercury 
= 3 ,  Venus 
= 4 ,  Earth 
= 5, Mars 
= 6, Jupiter 
= 7, Saturn 
= 8, Uranus 
= 9, Neptune 
= 10, Pluto 
= 11, Earth's Moon 
Julian date, epoch 1900 of the time 
at which the elements are to be cal- 
culated. 
Subprograms required: None. 
Approximate storage required (octal): 250. 
Discussion: The above mentioned elements are computed as 
time series expansion as described in reference 1. 
a 
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37. Subrout ine  OT2 
Purpose: This  program i s  r e s p o n s i b l e  f o r  conver t ing  t h e  
po in t - to -po in t  i n j e c t i o n  cond i t ions  t o  convenient  u n i t s  and p r i n t -  
i n g  t h e  r e s u l t i n g  d a t a  i n  a format similar t o  t h a t  of t h e  SPARC 
program . 
Cal l ing  sequence: CALL OT2 (XL, XP, DDRM1, CCVM1, CCPSI, CCA, 
C C I ,  DDVM1, TTRM7, TTVM7, CCTA1, CCTA7, TL, T I N J ,  NTDO, TF, NTTT, 
C3, HHUM2, DLAQ, RAW, RJ, HHVQM, PTH, VHP, DPA, RAP, HHE, DDAZ, 
TB, PHI, THI, MI ,  A Z I ,  TC, C C E ) .  
I npu t lou tpu t :  















F o r t r a n  
name 






















D e f i n i t i o n  
S t a t e  of launch  p l ane t  a t  i n i t i a l  
d a t e  
S t a t e  of t a r g e t  p l ane t  a t  t a r g e t  
d a t e  
H e l i o c e n t r i c  d i s t a n c e  t o  launch 
p l ane t  a t  i n i t i a l  t i m e  
H e l i o c e n t r i c  speed of  launch 
p l ane t  a t  i n i t i a l  t i m e  
Centra  1 a ng le of he 1 i o  c en t r i c  
conic  
Semimajor a x i s  of  h e l i o c e n t r i c  
conic  
I n c l i n a t i o n  of h e l i o c e n t r i c  conic  
Speed on h e l i o c e n t r i c  conic  a t  
i n i t i a l  t i m e  
H e l i o c e n t r i c  d i s t a n c e  t o  t a r g e t  
p l a n e t  a t  f i n a l  t i m e  
H e l i o c e n t r i c  speed of  t a r g e t  
p l ane t  a t  f i n a l  t i m e  
True anomaly on h e l i o c e n t r i c  
conic  a t  i n i t i a l  t i m e  
True anomaly on h e l i o c e n t r i c  
con ic  a t  f i n a l  t i m e  
















































A Z I  
TC 
CCE 












t C  
e 
Time of injection or launch 
date, hours 
year month-day-hour-min of 
i n i t i a l  t i m e  
F l i g h t  t i m e  
Year-month-day-hour-min of 
f i n a l  t i m e  
Energy of hyperbol ic  o r b i t  
Hyperbol ic  excess  v e l o c i t y  a t  
launch p l a n e t  
Dec l ina t ion  of HHvM2 
Right  a scens ion  of HHVM2 
I n j e c t i o n  r a d i u s  
I n j e c t i o n  v e l o c i t y  
I n j e c t i o n  pa th  a n g l e  
Hyperbolic excess  v e l o c i t y  a t  
t a r g e t  p l ane t  
Dec l ina t ion  of VHP 
Right ascens ion  of  VHP 
E c c e n t r i c i t y  of hyperbola 
Launch azimuth 
Time from launch t o  i n j e c t i o n  
I n j e c t  i o n  l a t i t u d e  
I n j e c t i o n  longi tude  
I n j e c t i o n  r i g h t  a scens ion  
I n j e c t  i on  azimuth 
Coast t i m e  
H e l i o c e n t r i c  e c c e n t r i c i t y  
128 
Subprograms requi red :  None. 
Approximate s to rage  r equ i r ed  { o c t a l ) :  1000. 
Discussion:  The program simply p r i n t s  t h e  poin t  t o  poin t  
d a t a  i n  a concurrent  form. 
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38. Subrout ine O U T l  
Purpose: This  program is  r e s p o n s i b l e  f o r  t h e  ou tpu t  of pre-  
l imina ry  d a t a  be fo re  t h e  numerical  d i f f e r e n c i n g  c y c l e  i s  begun. 
Ca l l ing  sequence: CALL OUTl  (ITARG, INJEK,  NlTS, NB, IDAT1,  
S l y  IDAT2,  S2, IDAT3, S3, BDT, BDR, D l N C L ,  RCA, TOL1, TOL2, TOL3, 
ACC, RS, INPR, DELTP, NBOD, ISKEJ,  AC, M l D I ) .  
Input  I out put : 
F o r t r a n  
name 
ITARG 

















B - T  
E - R  
'CA 
CA 1: 
D e f i n i t i o n  
Target ing o p t i o n  f l a g  
I n j e c t  i on  op t  i on  f l a g  
Maximum a l lowab le  i t e r a t i o n s  
a t  f i n a l  l e v e l  
I n d i c e s  of g r a v i t a t i o n a l  
bodies  
Date of i n j e c t i o n  (yea r ,  
month, day ,  hour ,  minute 
s e e )  
Date a t  sphe re  of i n f luence  
Date of c l o s e s t  approach 
Impact plane parameter 
Impact plane parameter 
I n c l i n a t i o n  a t  c l o s e s t  
approach 
Radius a t  c l o s e s t  approach 
Acceptable t o l e r a n c e s  on 
t a r g e t  c o n s t r a i n t s  
F i n a l  accuracy leve l  
I n j e c t i o n  s ta te  ( p o s i t i o n  
and v e l o c i t y  v e c t o r s )  
I n t e g r a t i o n  increments be- 
twee'n p r i n t o u t s  i n  f i n a l  











M I D I  
Days between p r i n t o u t s  i n  
f i n a l  i n t e g r a t i o n  
Nypber of g r a v i t a t i o n a l  
bodies  
Number of accuracy levels 
in targeting schedule 
Accuracy levels 
Number of iterations made at 
intermediate accuracy levels 
Subprograms required: None. 
Approximate storage required (octal) : 1400. 




39 .  Subrout ine PARTL 
Purpose: The p a r t i a l  of B*T and B4R wi th  r e s p e c t  t o  t h e  
p o s i t i o n  and v e l o c i t y  'of t h e  v e h i c l e  are  computed. 
C a l l i n g  sequence: CALL PARTL (R,  V ,  B ,  BDT, BDR, PBT, PBR). 
Input  / out  put : 









PBR ( 6 )  
Def i n  i t  ion 
P o s i t i o n  of v e h i c l e  r e l a t i v e  t o  p l ane t  
Veloci ty  of v e h i c l e  r e l a t i v e  t o  p l ane t  
B O T  
B * R  
Partial  of B * T  w i t h  r e s p e c t  t o  R and V 
P a r t i a l  of B - R  w i t h  r e s p e c t  t o  R and V 
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r e q u i r e d  ( o c t a l )  : 330.  
Discussion:  This sub rou t ine  determines t h e  pa r t i a l  d e r i v a -  
t i v e s  of B O T  and B . R  w i t h  r e s p e c t  t o  t h e  s t a t e  v e c t o r .  The 




40. Subrout ine PCTM 
Purpose: This  rou t inm computes t h e  unaugmented p o r t i o n  of 
t h e  s ta te  t r a n s i t i o n  matrix u s i n g  t h e  patched-conic technique.  
I 
F o r t r a n  Math 
n a m e  symbol I10 
- 
I . RI(6) X 
I 
C a l l i n g  sequence: 'CALI,  PCTM (RI). 
D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  of v e h i c l e  
a t  beginning of t i m e  increment 
_ _  
Subprograms r equ i r ed :  CONC2, EPHEM, ORB. 
Approximate s t d r a g e  r equ i r ed  ( o c t a l )  : 230. 
1 
Discussion:  The subrou t ine  checks each p l ane t  being considered 
i n  t h e  a n a l y s i s  i n  t u r n  and dec ides  i f  t h e  v e h i c l e  a t  t h e  i n i t i a l  
time i s  i n s i d e  i t s  sphere of i n f l u e n c e .  If it  i s  no t  i n s i d e  t h e  
sphere of i n f l u e n c e  of any p l ane t  t h e  governing body i s  considered 
t o  be t h e  Sun. Af t e r  determining t h e  governing body, PCTM c a l l s  
t h e  r o u t i n e  CONC2 t o  compute t h e  unaugmented p o r t i o n  of t h e  s ta te  
t r a n s i t i o n  matr ix .  
134 
Computational log ic :  
a 
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41. Subrout ine PECEQ 
Purpose: This  program computes t h e  m a t r i x  d e f i n i n g  t h e  t r a n s -  
formation from p lane t  cen te red  e c l i p t i c  coord ina te s  t o  p l ane t  
cen te red  e q u a t o r i a l  coo rd ina te s  as a f u n c t i o n  of t h e  p a r t i c u l a r  
p l ane t  and t i m e .  
D e f i n i t i o n  For t r an  Math name symbo 1 I / O  
Index o f  p l ane t  
I D  J u l i a n  d a t e  ( r e fe renced  t o  1900) 
Transformation m a t r i x  
I ,pi 
0 ECEQ(323) MEcEQ 
C a l l i n g  sequence: CALL PECEQ(NP,D,ECEQ). 
h 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  400. 
Discussion:  The program s e t s  fou r  a n g l e s  f o r  t h e  computation 
of t h e  ma t r ix .  The ang le s  and t h e i r  d e f i n i t i o n s  a r e :  
X I  - t h e  i n c l i n a t i o n  of t h e  o r b i t a l  plane t o  t h e  e c l i p t i c ;  
XL - t h e  long i tude  of t h e  ascending node of t h e  o r b i t a l  
plane t o  t h e  e c l i p t i c ;  
XIQ - t h e  i n c l i n a t i o n  of t h e  p l ane t  equator  t o  t h e  o r b i t a l  
plane ; 
XLQ - t h e  long i tude  of t h e  ascending node of t h e  p l ane t  
equator  t o  t h e  o r b i t a l  plane.  
The ang le s  X I  and XL are s p e c i f i e d  as f u n c t i o n s  of t i m e  f o r  
a l l  p l a n e t s .  The a n g l e s  XIQ and a are set equal  t o  zero 
f o r  a l l  p l a n e t s  except t h e  Ea r th  and Mars where they  are set  t o  
nonzero cons t an t  va lues .  These a n g l e s  may be e a s i l y  changed when 
b e t t e r  va lues  are l ea rned .  
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42. Subrout ine PLANE 
Purpose: This  program c a l c u l a t e s  in format ion  p e r t a i n i n g  t o  
t h e  h e l i o c e n t r i c  plane used i n  gene ra t ing  t h e  i n j e c t i o n  condi-  
t i o n s .  
C a l l i n g  sequence: CALI, PLANE(=, XP, HCA, HCW, HCN, NTYS). 
Inpu t /ou tpu t  : 
I / O  - 
I 
F o r t r a n  
name 
X P ( 6 )  
HCA 





symbo 1 - D e f i n i t i o n  I 
I n i t i a l  s t a t 9  ( p o s i t i o n ,  v e l o c i t y  
of launch p l ane t  
F i n a l  s t a t e  c< t a r g e t  p l ane t  
H e l i o c e n t r i c  c e n t r a l  ang le  
Inc  1 ina  t i o n  of he 1 i o  c en t r i c 
plane 
Longitude of h e l i o c e n t r i c  plane 
Normal t o  h e l i o c e n t r i c  plane 
Flag set  = 1 f o r  0 5 \Ir 5 180, 




Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  400 
Discuss ion:  This  i s  a n  elementary program 
understood f r o m  t h e  program l i s t i n g .  
t h a t  i s  e a s i l y  
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Purpose: The p o r t i o n  of the state t r a n s i t i o n  matrix corre- 
sponding t o  the state v e c t o r  
t a r g e t  p l a n e t  are augmented is  computed i n  PLND. 
which the ephemeris b i a s e s  of t h e  
For t r an  Math 
name symbol Def hi t i o n  
- 
U ( 6 )  j xi P o s i t i o n  and v e l o c i t y  of vehicle at  
RF(6) Xf P o s i t i o n  and v e l o c i t y  of vehicle a t  
beginning o f interval . 
i 
I -  
I end of i n t e r v a l .  
Ca l l ing  sequence: CALL PLND (RI, RF) . 
Approximate s t o r a g e  requi red  (OCTAL): 440. 
Discussion: The numerical  d i f f e r e n c i n g  method is  used t o  gen- 
erate t h e  6 x 3 p o r t i o n  of the state t r a n s i t i o n  matrix correspond- 
i n g  t o  t h e  augmented state vec tor .  The ephemeris b i a s e s  that are 
augmented are t h e  semimajor axis, e c c e n t r i c i t y  , and i n c l i n a t i o n .  
The va lues  of t h e s e  used by the v i r t u a l  m a s s  program are a l t e r e d  
i n  t u r n  by previous ly  s p e c i f i e d  increments and the d i f f e r e n c e s  i n  
t h e  f i n a l  s tate v e c t o r  are noted. F i n a l l y ,  t h e  state t r a n s i t i o n  
mat r ix  i s  computed as t h e  d i f f e r e n c e s  i n  each component of the 
s ta te  v e c t o r ,  d iv ided  by the  amount by which the appropr i a t e  con- 
stant w a s  a l t e r e d .  
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Computational logic : 
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44. Subrout ine POSVL 
Purpose: This program c a l c u l a t e s  the vector p o s i t i o n  and ve- 
l o c i t y  corresponding t o  a s p e c i f i e d  mean anomaly on a s p e c i f i e d  















Cal l ing  sequence: CALI, POSVL(A, E, X I ,  WC, W, AM, WP, RP, R, 
9 
Def in i t i on  
VP, v, GMS). - 
Inpu t  / ou t p u t  : 


























Eccen tri c i t y  
I n c l i n a t i o n  
Longitude of ascending node 
Argument of p e r i  ap s i s  
Mean anomaly 
Normal t o  p lane  
P o s i t i o n  v e c t o r  (he l iocen t r - c  e c l i p t i c )  
P o s i t i o n  magnitude 
Veloci ty  v e c t o r  ( h e l i o c e n t r i c  e c l i p t i c )  
Speed 
G r a v i t a t i o n a l  cons tan t  of sun 
Subprograms required:  None. 
Approximate s t o r a g e  requi red  ( o c t a l )  : 600. 
Discussion: The program s o l v e s  Kepler ' s  equat ion  i t e r a t i v e l y  
t o  compute t h e  eccentric anomaly. The v e c t o r  p o s i t i o n  and veloe- 
i t y  are then  computed by s t anda rd  con ic  formulas. 
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45. Subrout ine PRED 
Purpose: This  sub rou t  n s i b l e  f o r  the l o g i c  a t  a 
p r e d i c t i o n  event i n  the err de  of STEAP, It computes 
the matrix of u n c e r t a i n t i e s  11 e c t o r  when a p r e d i c t i o n  
is  made from a s t a t e d  t i m e  to  s p e c i f i e d  t i m e ,  
C a l l i n g  sequence: CALL PREJ (RI, TEVN) e 
Input /output :  \ 
i 
Subprograms required:  DYNO, HYELS ~ J A C O B I ,  NAVM, NTM, PSIM. 
Approximate s t o r a g e  r e q u i r e d  ( o c t a l )  : 4260. 
Discussion: In PRED, t h e  covariance m a t r i x  i s  propagated fo r -  
as i n  EIGEN. A t  ward t o  t h e  t i m e  of the p r e d i c t i o n  e v e n t ,  
t h i s  t i m e ,  however, an a d d i t i o n a l  computation i s  made t h a t  propa- 
g a t e s  i t  forward t o  t h e  t i m e  t o  which one i s  p r e d i c t i n g ,  tpT. 
This covariance ma t r ix  is then  d i agona l i zed  and t h e  eigenvalues  
and e igenvec to r s  are p r i n t e d .  The program then r e t u r n s  t o  t h e  
tevy 
’ b a s i c  cycle  f o r  p rocess ing  of t h e  n e x t  measurement o r  event ,  
141 
Computational logic : 
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46. Subrout ine PRESIM 
Purpose: The r o u t i n e  conta ins  the log ic  f o r  a prediction event 
i n  t h e  s imula t ion  mode of STEAP. 
Cal l ing  sequence: CALL PRESIM (RI , TEVN, R I I )  . 







D e f i n i t i o n  
Or ig ina l  nominal state vec to r  of t he  
vehicle a t  the t i m e  of the last  rneas- 
urement o r  event.  
T i m e  of t h e  p r e d i c t i o n  event .  
The most recent nominal state vec to r  
a t  the t i m e  of the l a s t  measurement 
o r  event. 
Subprograms required:  DYNO, HYELS, JACOBI,  H A W ,  NTM, B51M. 
Approximate s t o r a g e  requi red  ( o c t a l ) :  4550. 
Discussion: The covariance mat r ix  is agated forward f r ~ m  
t he  time of the l a s t  measurement o r  e v e s t  t o  the time ~f the  pwe- 
d i e t i o n  event, This matrix i s  diagonal ized and t h e  e igenvalues ,  
e igenvee tors  , and hypere l l i p so ids  are computed and gr iBted ,  The 
c o r r e l a t i o n  coef f ic ient  matrix i s  a lso  p r i n t e d ,  Then, the covari-  
ance matrix i s  prapagated foxward t o  t h e  px 
b a s i c  cycle ,  
PT’ s t ion  time, t 
’ and aga in  diagonal ized,  The rout ine  then returns c ~ n t s o l  to t h e  
The covariance matrices mentioned above are based on t h e  most 
r ecen t  nominal t r a j e c t o r y  f o r  t h e  s imula t ion  mode r a t h e r  than t h e  





Computational logic (concluded) : 
I 
Purpose: This s u b r o u t i n e  is  r e s p o n s i b l e  f o r  p r i n t i n g  the 
v i r tua l  mass information as des i r ed .  
C a l l i n g  sequence: CALL PRINT 
Inpu t /ou tpu t :  None. 
Subprograms required:  NEWGE, SPACE, TIME. 
Approximate s orage r equ i r ed  ( o c t a l )  : 
Discussion: The p r i n t e d  ou tpu t  h a s  f o u r  s e c t i o n s :  
1210. i I 
Spa -ecraf t in fo rma t ion  g iv ing  t h e  s p a c e c r a f t  i n e r t i a l  
t r a j e c t o r y ;  f 
Ephemeris d a t a  that p r i n t s  the p o s i t i o n  and v e l o c i t y  
of each p l a n e t ;  
Spacec ra f t  relative t r a j e c t o r i e s  i n  which t h e  p o s i t i o n  
and v e l o c i t y  of the s p a c e c r a f t  relative t o  each p l a n e t  
is p r l n t e d ;  
The v i r t u a l  mass information i s  p r i n t e d  i n  which the 
p o s i t i o n  and v e l o c i t y  of t h e  v i r t u a l  mass i s  given 
i n  a d d i t i o n  t o  the  p o s i t i o n  and v e l o c i t y  o f  t he  
s p a c e c r a f t  r e l a t i v e  t o  the  v i r t u a l  mass, t he  Kepler 
v e c t o r ,  t he  e c c e n t r i c i t y  v e c t o r ,  t he  v i r t u a l  mass mag- 
n i t u d e ,  and the  magnitude r a t e ;  
F i n a l l y ,  t h e  p o s i t i o n  and v e l o c i t y  o f  t h e  v i r t u a l  
mass r e l a t i v e  t o  each of t he  p l a n e t s  i s  p r i n t e d .  
14 6 
Purpose: This rou the t r a j e c t o r y  
genera ted  by the trajec 
Input /output :  
t 
Subprograms requi red :  TIME. 
Approximate s t o r a g e  r equ i r ed  (oc 
Discussion: The i n i t i a l  and f i n a l  pos ip ion  and v e l o c i t y  of \ 
the v e h i c l e  is  p r i n t e d  toge ther  w i t h  t h e  p n b i t i o n  and v e l o c i t y  of 
the vehicle r e l a t i v e  t o  each p l a n e t  a t ' t h e  f i n a l  t i m e .  
d i t i o n s  a t  c l o s e s t  approach and on encounter ing  the sphere  of i n -  
f l uence  are p r in t ed .  
The con- \ 
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49. Subrout ine PIjkNT3 
Purpose: The per’ t inent  in format ion  a t  the end of each meas- 
urement i s  p r i n t e d  id this rout ine .  




Ca l l ing  sequence: C L i L  PRINT3 (MMCODE, NR) 
D e f i n i t i o n  
I 
i 
Code t h a t  determines which type  of meas- 
ment w a s  made. 
’ Number of rows i n  the obse rva t ion  ma- 
i t r i x  H. 
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50. Subrout ine  PRINT4 
Purpose: This s u b r o u t i  p r i n t s  a l l  necessa ry  d a t a  a t  the 
end of each measurement i n  e s imula t ion  mode. 
Ca l l ing  sequence: CALL PRINT4 (MNCODE, NR) . 
Inpu t  /ou tput  : 
type  of measurement was taken 
Number of rows i n  the obse rva t ion  ma- 
Subprograms requi red :  EPHEM, ORB, TIME. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 3710. 
Discussion: An o u t l i n e  of the p r i n t e d  o u t p u t  f o r  w h i c h  this 
r o u t i n e  i s  r e spons ib l e  is  g iven  i n  Chapter 111. 
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51, Subroutine PRNTS3 
!,Purpose: .This subroutinesprints a summary of the error anal- 
ysis mode. 
' 
Ghl l ing-  sequence: CALL PRNTS3 (RF) . 
, 
For t r an  Math 
I/ci $name symbol D e f i n i t i o n  - I 
I ! RF(6) X P o s i t i o n  and v e l o c i t y  of v e h i c l e  a t  
f i n a l  t i m e  
Subpiograms requi red :  TIME. 
Appryximate s t o r a g e  r equ i r ed  ( o c t a l )  : 
Discussion: See Chapter 111 f o r  a d e t a i l e d  account  of t he  
2760. 
_. 
p r i n t e d  output  genera ted  by PRNTS3. 
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5 2 .  Subrout ine  PRNTS4 
Purpose: A p r i n t o u t  summary o f  t h e  s imula t ion  mode i s  pre-  
sen ted  by t h i s  s u b r o u t i n e ,  
z n  
C a l l i n g  sequence: CALL PRNTS4 (RF, RF1). 
Inpu t  /ou tput  : 
I'O I Fortran name s Math ymbo 1 I D e f i n i t i o n  
- 
X P o s i t i o n  and v e l o c i t y  o f  t h e  vehi -  
c l e  on t h e  o r i g i n a l  nominal t r a -  
j e c t o r y  a t  t h e  f i n a l  t i m e .  
P o s i t i o n  and v e l o c i t y  o f  t he  vehi -  
c l e  o h  t h e  most r e c e n t  nominal t r a -  
j e c t o r y  a t  t h e  f i n a l  t i m e .  
x " -  
Subprograms requi red  : EPHEM, ORB, TIME. 
Approximate s t o r a g e  requi red  ( o c t a l ) :  6210.  
Discussion:  For  a d e s c r i p t i o n  o f  t h e  p r in t ed  ou tpu t  see 
Chapter 111. 
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53. Subrout ine PSIM 
Purpose: The l o g i c  f o r  computation o f  s t a t e  t r a n s i t i o n  mat r i -  
ce s  i s  provided by t h i s  r o u t i n e .  
d 
C a l l i n g  Sequence: CALL PSIM ( R I ,  RF, ISTMC). 
Inpu t  / o ~  
1 lo  
put: 
F o r t r a n  
name 
R I  (6) 









D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  o f  t h e  ve- 
h i c l e  a t  t h e  beginning o f  t h e  
i n t e r v a l  
P o s i t i o n  and veloc'ity of  t he  ve- 
h i c l e  a t  t h e  end of  t h e  i n t e r -  
v a l .  
A code spec i fy ing  which t echn i -  
que i s  t o  be used t o  compute t h e  
unaugmented po r t ion  of t h e  s t a t e  
t r a n s i t i o n  matr ix  ( s e e  Chapter I1 
f o r  more d e t a i l s ) .  
Subprograms Required : CONC2, EPHEM, MLJND, NDTM, ORB, PCTM, 
PLND . 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 360. 
Discussion:  A d e c i s i o n  i s  made through t h e  use of  ISTMC a s  t o  
which technique w i l l  be used t o  compute t h e  unaugmented p o r t i o n  
of  t h e  s t a t e  t r a n s i t i o n  mat r ix .  Then t h e  proper subrout ine  i s  c a l l e d  
t o  accomplish t h i s .  I f  t h e  g r a v i t a t i o n a l  cons t an t s  of  t h e  Sun and 
t h e  t a r g e t  p l ane t  have been augmented t o  the  s t a t e ,  t h e  subrout ine  
MUND i s  c a l l e d  t o  c a l c u l a t e  t h e  cor responding  p o r t i o n  of t h e  s t a t e  
t r a n s i t i o n  mat r ix .  F i n a l l y ,  a check i s  made t o  determine i f  t h e  
ephemeris b i a s e s  of t h e  t a r g e t  p l ane t  have been augmented t o  t h e  
s t a t e  and, i f  so ,  i t  i s  determined whether t h e  d i s t a n c e  of  t h e  ve- 
h i c l e  from t h e  t a r g e t  p l a n e t  i s  l e s s  than s i x  t imes i t s  sphere  of  
i n f l u e n c e ,  i n  which case  t h e  subrout ine  PLND i s  c a l l e d  t o  compute 
t h e  f i n a l  p o r t i o n  of  t he  s t a t e  t r a n s i t i o n  mat r ix .  I f  t h e  veh ic l e  
i s  f a r t h e r  from t h e  t a r g e t  p l a n e t  than s i x  t imes i t s  sphere  of  i n -  
f l uence ,  t h a t  p o r t i o n  o f  t h e  s t a t e  t r a n s i t i o n  mat r ix  i s  considered 
ze ro .  
152 
-P 
C&LL P L N O  
R €TURN 3 W 3 )  
I 
NO Y e5 
I S  P0SS L Lr5.rF) I--------c 
1 
8 = 0.0 CF. 
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5 4 .  Subrout ine  QUASI 
Purpose: T h i s  sub rou t ine  con ta ins  t h e  l o g i c  r equ i r ed  f o r  t h e  
q u a s i - l i n e a r  f i l t e r i n g  event  i n  t h e  s imula t ion  mode whose purpose 
i t  i s  t o  update  t h e  most r e c e n t  nominal t r a j e c t o r y  so t h a t  i t  might 
correspond more c l o s e l y  w i t h  t h e  a c t u a l  t r a j e c t o r y .  
C a l l i n g  Sequence: CALL QUASI (RI,  TEVN, R I 1 ) .  
I n p u t  l ou tpu t :  




F o r t r a n  
name 
R I  (6) 
TEVN 







D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  o f  t h e  vehi -  
c l e  on t h e  o r i g i n a l  nominal t r a -  
j e c t o r y  a t  t h e  t i m e  of t h e  l a s t  
measurement o r  event  
T r a j e c t o r y  time o f  t h e  q u a s i - l i -  
near  f i l t e r i n g  e v e n t ,  
P o s i t i o n  and v e l o c i t y  of  t h e  vehi -  
c l e  on t h e  most r e c e n t  nominal t r a -  
j e c t o r y  a t  t h e  t i m e  o f  t h e  l a s t  
measurement o r  event .  
Subprograms r equ i r ed :  DYNO, HYELS, JACOBI,  NAVM, NTM, PSIM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 2270 .  
Discussion:  A t  a q u a s i - l i n e a r  f i l t e r i n g  even t ,  t h e  o r i g i n a l  
nominal t r a j e c t o r y  i s  updated by us ing  t h e  most r e c e n t  nominal 
e s t i m a t e .  Th i s  event  i s  provided a s  a method t o  h e l p  combat d i -  
vergence due t o  t h e  p o s s i b l e  i n v a l i d i t y  of  t h e  l i n e a r i z i n g  assump- 
t i o n  t h a t  i s  t h e  b a s i s  f o r  t h e  e s t ima t ion  a lgo r i thm.  The gene ra l  
equa t ions  f o r  updat ing t h e  o r i g i n a l  nominal a r e  provided i n  Volume 




Computational l o g i c  (concluded): 
55.  Subrout ine RNUM 
Purpose: RNUM i s  a f u n c t i o n  subprogram whose purpose i t  i s  
t o  r e t u r n  random numbers on a normal d i s t r i b u t i o n  wi th  mean ze ro  
and s tandard d e v i a t i o n .  
C a l l i n g  sequence: A = RNUM (SIGMA) 
Inpu t / o u t p u t  : 
D e f i n i t i o n  
Randomly d i s t r i b u t e d  number 
from the  popula t ion  de- 
r i b e d  above. 
Subprograms r equ i r ed :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  130. 
Discussion:  The method used h e r e  t o  g e n e r a t e  a randomly d i s -  
t r i b u t e d  number fmm a normal d i s t r i b u t i o n  w i t h  mean ze ro  and 
s tandard d e v i a t i o n ,  o, i s  t o  compute twelve random numbers be- 
tween 0 and l (many r o u t i n e s  t h a t  a r e  s t a t i s t i c a l l y  c o n s i s t e n t  
may be found t h a t  accomplish t h i s  f u n c t i o n ) .  
Then RNUM = x -  i 
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Purpose: The r o u t i n e  determines what type o f  measurement i s  
t o  be taken next  and a t  what t i m e  i t  w i l l  o c c u r ,  
F o r t r a n  
name 
D e f i n i t i o n  
T1 P r e s e n t  t r a j e c t o r y  t i m e ,  
T2 T r a j e c t o r y  time a t  which the  next  meas- 
urement occur s .  
MMCODE Measurement model code ( s e e  Chapter I1 
f o r  d e t a i l s )  
C a l l i n g  sequence: CALI, SCHED (Tl ,  T2, MMCODE). 
I n p u t l o u t p u t :  
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  40.  
Discussion:  Chapter I1 d e s c r i b e s  t h e  means by which the  meas- 
urement schedule i s  i n p u t .  A s h o r t  p a r t  o f  the  DATA subprogram 
then a r r a n g e s  t h e s e  i n  t h e  o r d e r  i n  which they  a r e  t o  o c c u r ,  
SCHED simply f i n d s  the  next  measurement a f t e r  T 1 .  
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5 7  Subroutine SPACE 
Purpose: Th i s  sub rou t ine  i s  used i n  t he  v i r t u a l  mass program 
f o r  computing t h e  t r a j e c t o r i e s ,  It keeps a count of t he  t o t a l  
number of  l i n e s  t h a t  have been w r i t t e n  on a g iven  page and de- 
c i d e s  when t o  s t a r t  a new page. 
' l o  
I 
C a l l i n g  sequence: CALL SPACE (LINES), 
For t r a  n 
name 
D e f i n i t i o n  
LINES Number of  l i n e  t h a t  w i l l  be w r i t t e n  
i n  t h e  next  ou tpu t  s ta tement  
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 30. 
Discussion:  I f  t h e  t o t a l  number o f  l i n e s  w i l l  exceed the  
maximum l i n e s  pe r  page SPACE c a l l s  NEWPGE. 
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58, Subrout ine STAPARL 
Purpose: The p a r t i a l  d e r i v a t i v e s  of  s t a t i o n  l o c a t i o n  e r r o r s  
a re  computed. 
C a l l i n g  sequence: CALL PARTL (AL, ALON, ALAT, PAT2, VEC, PA), 
Inpu t l  ou tpu t : 






VEC ( 6) 










D e f i n i t i o n  
A l t i t u d e  of  t h e  s t a t i o n  
Longitude of  t h e  s t a t i o n  
L a t i t u d e  o f  t h e  s t a t i o n  
P o s i t i o n  of  t h e  v e h i c l e .  
r e l a t i v e  t o  t h e  s t a t i o n  
P a r t i a l  o f  a l t i t u d e ,  
l a t i t u d e ,  and long i tude  
w i t h  r e s p e c t  t o  VEC. 
Subprograms r e q u i r e d :  None. 
Approximate s t o r a g e  r e q u i r e d  ( o c t a l )  : 300. 
D i scuss ion :  T h i s  sub rou t ine  computes t h e  p a r t i a l  d e r i v a t i v e s  
f o r  s t a t i o n  l o c a t i o n  e r r o r s  when t h e  g e o c e n t r i c  r a d i u s ,  l a t i t u d e ,  
and long i tude  a r e  included i n  t h e  augmented s t a t e  v e c t o r .  
From the g e n e r a l  equa t ions  f o r  d e f i n i n g  t h e  p o s i t i o n  and 
v e l o c i t y  o f  a s t a t i o n  on a r o t a t i n g  E a r t h ,  (from TRAKM subrou t ine )  
t h e  fo l lowing  p a r t i a l  d e r i v a t i v e s  are  obta ined  f o r  any o f  t h e  t h r e e  
s t a t i o n s :  
L e t  G = cp + w ( t  - T) 
- a: - aR = -cos 8 cos  G 




13X - - =  R cos  0 s i n  G 
aq 
- - [ s i n  E s i n  8 -I- cos E cos 0 sin GI - - -  a? 
- - -  a' - R cos E s i n  8 s i n  G - R cos  E cos  e 
ae 
- -  3' 
h) 
a R  
- 
- 
- -R cos  E C O S  e COS G 
- 




- - [ R  s i n  E s i n  0 s i n  G + R cos  E c o s  e ]  - -  
- R s i n  E cos  8 c o s  G aZ 
acp 
- - -  
ax - - = w c o s  8 s i n  G 
a R  
- -wR s i n  0 s i n  G - -  ax 
30 
- ax - - =  WR COS 0 C O S  G acp 
- 
- -LW COS 0 COS E COS G - - -  a; 
--a' - WR c o s  E s i n  e cos G 
& 
- 
- -  
ae 
- 
- -  - '' - WR cos  E cos cp s i n  G acp 
a? - - = w s i n  E cos cp cos  G dR 
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- - =  a’ ae 
az 
-& sin E sin e cos G 
- 
- -wR sin E cos 0 sin G - -  
acp 
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Computational l o g i c  : 
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59. Subrout ine TIME 
Purpose: I f  t h e  J u l i a n  d a t e  i s  s u p p l i e d  t o  t h i s  r o u t i n e ,  
the corresponding ca l enda r  d a t e  w i l l  be r e t u r n e d .  A l t e r n a t e l y ,  
t h e  J u l i a n  d a t e ,  epoch 1900, w i l l  be  r e tu rned  i f  t h e  c a l e n d a r  
d a t e  is supp l i ed .  
C a l l i n g  sequence: CALL TIME (DAY, XYR, MO, IDAY, IHR, M I N ,  
SEC, ICODE) . 
Input /output :  







M I N  
SEC 
ICODE 
D e f i n i t i o n  
J u l i a n  d a t e ,  epoch Jan.  0 ,  1900. 
Calendar y e a r  
Calendar month 
Calendar day 
Hour of day 
Minutes 
Seconds 
An i n t e r n a l  code t h a t  determines 
which of t h e  above o p t i o n s  i s  ex- 
er c i s e d .  
Subprograms r equ i r ed  : None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 250. 
Discussion:  This  sub rou t ine  w i l l  conve r t  from J u l i a n  d a t e ,  
epoch January 9, 1900, t o  ca l enda r  d a t e  o r  from ca lenda r  d a t e  
t o  J u l i a n  d a t e  depending on t h e  v a l u e  of ICODE as mentioned above. 
LCODE = 0 i n d i c a t e s  t h e  calendar  d a t e  i s  supp l i ed ,  J u l i a n  
d a t e  w i l l  be  r e t u r n e d .  
ZCODE = 1 J u l i a n  d a t e  i s  g iven  and ca l enda r  d a t e  w i l l  be 
re turned.  
Note: I n  t h e  ca l enda r  d a t e  as supp l i ed  t o  t h i s  r o u t i n e ,  t h e  
y e a r ,  month, day, hour ,  and minutes are cons ide red  i n t e g e r s ,  How- 
ever, the number of seconds i s  re tu rned  or  supp l i ed  as a real 
( f l o a t i n g  p o i n t )  number. 
5 hr,  6 mln, 3.22 sec, 1972. 
Thus, a ca l enda r  d a t e  might b e  J u l y  10, 
For a d i s c u s s i o n  of t h e  equa t ions  used i n  t h e s e  conversions 
see r e f e r e n c e  1. 
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Purpose: The obse rva t ions  and t h e  obse rva t ion  m a t r i x  f o r  a 
given type of measurement is computed b y  t h i s  r o u t i n e .  
C a l l i n g  sequence: CALL TRAKM (HECV, ITRK, NR, I O B S ,  VECTOR). 
Input /output :  





I O B S  








D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  of t h e  
v e h i c l e  a t  t h e  t i m e  of t h e  
measurement. 
Code t h a t  determines what 
type of measurement i s  being 
made. (Note: t h i s  v a r i a b l e  
is  c a l l e d  MMCODE elsewhere 
i n  STEAP) e 
Number of rows i n  t h e  obser- 
v a t i o n  ma t r ix .  
I n t e r n a l  code t h a t  s ta tes  
whether only t h e  obse rva t ion  
is  d e s i r e d  o r  i f  both t h e  
obse rva t ion  and t h e  observa- 
t i o n  m a t r i x  are t o  be coni- 
puted e 
Observation t h a t  is made. 
Subprograms r equ i r ed :  EPHEM, ORB, STAPARL. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  2310. 
Discussion: The equa t ions  used t o  compute t h e  obse rva t ion  
ma t r ix  are discussed i n  Volume I1 of t h i s  document. The obser- 
v a t i o n  m a t r i x  is  needed f o r  both t h e  e r r o r  a n a l y s i s  and simula- 
t i o n  modes when a measurement i s  taken.  The obse rva t ion  i t s e l f  
i s  needed on ly  i n  t h e  s imula t ion  mode t o  compute t h e  e s t i m a t e d  
and a c t u a l  measurements. Which of t h e s e  opt ions is  e x e r c i s e d  i s  
determined by I O B S .  
needed. Therefore ,  t h e  obse rva t ion  i t s e l f  i s  no t  placed i n  VEC- 
TOR. However, some "dummy" v e c t o r  should appear i n  t h e  c a l l i n g  
sequence r e g a r d l e s s  of whether i t  i s  used. 
When I O B S  = 0, t h e  obse rva t ion  ma t r ix  i s  
When IOBS = 1, t h e  e s t ima ted  obse rva t ion  w i l l  be r e tu rned  i n  
VECTOR t o  t h e  s imula t ion  mode of STEAP. 
165 
When IOBS = 2, t h e  a c t u a l  observa t ion  w i l l  be re turned  t o  
STEA??. 
of t h e  v e h i c l e ,  HECV, at t h e  t i m e  t h e  observa t ion  i s  be ing  made. 
The only reason t h e r e  i s  a need t o  d i s t i n g u i s h  between t h e  esti-  
mated and a c t u a l  observa t ions  is  t h a t  i n  cons ide r ing  t h e  a c t u a l  
observa t ion  a b i a s  i n  t h e  s t a t i o n  l o c a t i o n s  may be taken i n t o  
cons ide ra t ion .  See Chapter I1 f o r  i n p u t  op t ions .  












Computational logic (continued) : 
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4, I O  
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Computational logic (continued): 
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Computational logic (continued) : 
2- 
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Computational 'logic (concluded) 2 
1 7 2  
61. Subroutine TRANS 
Purpose : Three op t ions  are a v a i l a b l e  wi th  t h i s  subrout ine:  
Convert from g e o c e n t r i c  e q u a t o r i a l  r e c t a n g u l a r  coor- 
d i n a t e s  t o  g e o c e n t r i c  e c l i p t i c  coord ina te s  ; 
h e l i o c e n t r i c  e c l i p t i c  c o o r d i n a t e s ;  
Convert from g e o c e n t r i c  e c l i p t i c  coord ina te s  t o  
h e l i o c e n t r i c  e c l i p t i c  c o o r d i n a t e s .  
1) 
2 )  Convert from g e o c e n t r i c  e q u a t o r i a l  coo rd ina te s  t o  
3) 
Cal l ing  sequence: CALL TRANS (ICODE, X, Y ,  Z ,  VX, VY, VZ, XE, 
YE, ZE, VXE, VYE, VZE, EPS, ICODE2). 
Input  /output  : 


































D e  f i n i  t i  on 
An i n t e r n a l  code t h a t  determines 
i f  op t ion  1 o r  2 above w i l l  be 
e x e r c i s e d ,  
X-component of t h e  v e h i c l e  
Y-component of t h e  v e h i c l e .  
Z-component of t h e  v e h i c l e  
X-velocity component of t h e  ve- 
h i c l e .  
Y-velocity component of t h e  ve- 
h i c l e .  
Z-veloci ty  component of t h e  ve- 
h i c l e .  
X-component of E a r t h  i n  h e l i o -  
c e n t r i c  e c l i p t i c .  
Y-component of Ea r th  
Z-component of Ea r th .  
X-velocit y component of E a r t h  
i n  h e l i o c e n t r i c  e c l i p t i c .  
Y -ve l o c i  t y  comp onen t o f E a r t h  . 
Z-veloci ty  component of E a r t h .  
Ob l iqu i ty  of E a r t h  e 
An i n t e r n a l  code t h a t  determines 
i f  op t ion  3 above is  t o  b e  ex- 
e r c i s e d  - 173 
Subprograms requi red :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 110. 
Discussion:  The p o s i t i o n  and v e l o c i t y  components of t h e  ve- 
h i c l e  are i n p u t  t o  t h i s  r o u t i n e  i n  t h e  d e s i r e d  coord ina te  system 
as s t a t e d  above. A f t e r  conversion is  made t o  a new coord ina te  
system, t h e  p o s i t i o n  and v e l o c i t y  of t h e  v e h i c l e  w i l l  be  r e tu rned  
i n  the same l o c a t i o n s .  A f u l l  d e s c r i p t i o n  of t h e  i n p u t  codes and 
equa t ions  used fo l lows  : 
Option 1: ICODE = 1, ICODE2 = 1. 
y -- y cos E + z s i n  E 9 = 9 cos  E + i s i n  E 
z - -y s i n  E + z cos  E 
Option 2: ICODE = 2 ,  ICODE2 = 1. 
i = -9 s in  E + i cos E 
The same procedure as above i s  used t o  conver t  from 
g e o c e n t r i c  e q u a t o r i a l  t o  g e o c e n t r i c  e c l i p t i c .  
Option 3: ICODE = 2, ICODE2 = 2.  
H = ? = j ,  
x = x + x E  E 
Y = Y + Y E  
Z " Z + Z  E i = i + i E  
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Computational logic: 
% =  x " X ,  
y =  Y " k  
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62. Subrout ine VARADA 
Purpose: The v a r i a t i o n  matrix i s  b u i l t  up by numerical  d i f -  
f e r e n c i n g  f o r  the three v a r i a b l e  B-plane guidance p o l i c y  i r i  t h e  
guidance e v e n t  of t h e  e r r o r  a n a l y s i s  mode. 
C a l l i n g  sequence: CALL VARADA ( R I ,  XSIP, XSIV, TEVN, TSI, 
ADA, B ,  BBT, BDR) . 
Inpu t /ou tpu t :  
F o r t r a n  
name 




T S I  












S I  t 
D e  f i n i  t i o n  
P o s i t i o n  and v e l o c i t y  o f  t he  
v e h i c l e  a t  t h e  time of  the 
guidance e v e n t .  
P o s i t i o n  of t h e  v e h i c l e  a t  
t h e  sphere o f  i n f l u e n c e  on 
the  nominal t r a j e c t o r y .  
V e l o c i t y  o f  t h e  v e h i c l e  a t  
t h e  sphere o f  i n f l u e n c e  on 
t h e  nominal t r a j e c t o r y .  
T r a j e c t o r y  time o f  t h e  sphere 
o f  i n f l u e n c e  , 
T r a j e c t o r y  t i m e  a t  which the  
v e h i c l e  reached the sphere of  
i n f l u e n c e  on  the  nominal tra- 
j e c t o r y ,  
V a r i a t i o n  mat r ix .  
B of  t h e  nominal t r a j e c t o r y .  
B-T o f  t he  nominal t r a j e c t o r y .  
B - R  o f  t he  nominal t r a j e c t o r y .  
Subprograms r equ i r ed :  NTM. 
Approximate s t o r a g e  r e q u i r e d  ( o c t a l )  : 320. 
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Discuss ion:  The v a r i a t i o n  ma t r ix ,  7, i s  genera ted  us ing  
t h e  numerical  d i f f e r e n c i n g  technique .  Each component o f  t h e  s t a t e  
v e c t o r  o f  t h e  v e h i c l e  a t  t he  t i m e  o f  t he  guidance event  i s  a l -  
t e r e d  i n  i t s  t u r n  and changes i n  B * T ,  B - R  and t h e  t i m e  a t  which 
t h e  v e h i c l e  reaches  t h e  sphere o f  i n f l u e n c e  are noted.  Then t h e  
u s u a l  method i s  app l i ed  t o  o b t a i n  t h e  3 x 6 v a r i a t i o n  m a t r i x ,  
177 
Computa t iona l  l og ic :  
i 
PRINT: VLHlCLE 010 
NOT R ~ R C H  s ~ ~ c a e  
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6 3 .  Subrout ine VARSIM 
Purpose: The v a r i a t i o n  matrix, TJ, i s  computed f o r  t h e  
t h r e e - v a r i a b l e  B-plane guidance p o l i c y  i n  the  guidance even t  of 
t he  s imula t ion  mode ~ 
C a l l i n g  sequence: VARSIM (RI1, TEVN, TSI, ADA). 
Inpu t lou  tpu t : 












D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  o f  t h e  
v e h i c l e  c n  the most r e c e n t  
nominal t r a j e c t o r y  a t  t he  
t i m e  o f  the  guidance event.  
T r a j e c t o r y  t i m e  of  t he  guid-  
ance event .  
T r a j e c t o r y  t i m e  a t  which t h e  
v e h i c l e  reached t h e  sphere 
of  i n f l u e n c e  on t h e  most 
r e c e n t  nominal t r a j e c t o r y .  
V a r i a t i o n  matrix. 
Subprograms r equ i r ed :  NTM. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  270. 
Discussion: The v a r i a t i o n  matr ix  i s  generated f o r  the  th ree -  
v a r i a b l e  B-plane i n  t h i s  r o u t i n e ,  The numerical  d i f f e r e n c i n g  
technique i s  used. By a l t e r i n g  independent ly  each component o f  
the  p o s i t i o n  and v e l o c i t y  o f  the  v e h i c l e  a t  t h e  t i m e  of the  guid- 
ance even t ,  t he  changes i n  B*T, B * R ,  and tSI are  noted. The 
u s u a l  method i s  then a p p l i e d  t o  o b t a i n  t h e  3 x 6 v a r i a t i o n  matrix. 
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Computational log ic :  
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64. Subrout ine VECTOR 
Purpose: Th i s  sub rou t ine  c a l c u l a t e s  t h e  v e c t o r  o r b i t a l  e le -  
ments k, e ,  computes t h e  s p a c e c r a f t  f i n a l  p o s i t i o n  on the 
o r b i t  t o  a c c u r a t e l y  approximate t h e  d e s i r e d  t i m e  i n t e r v a l ,  and 
f i n a l l y  computes t h e  conic  s e c t i o n  t i m e  o f  f l i g h t .  
C a l l i n g  sequence: CALL VECTOR. 
Inpu t /ou tpu t :  A l l  communication w i t h  VECTOR i s  accomplished 
through COMMON s ta tements .  
Subprograms r equ i r ed :  SPACE. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l )  : 570. 
Discussion:  For a complete fo rmula t ion  of t he  techniques 
used i n  t h i s  r o u t i n e  r e f e r  t o  the  A n a l y t i c a l  Manual (Volume 11)  
of t h i s  r e p o r t .  
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Computational l og ic :  
I 1 
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65. Subroutine VMASS 
Purpose: T h i s  sub rou t ine  determines t h e  v i r t u a l  mass d a t a  
needed i n  t h e  t r a j e c t o r y  a n a l y s i s .  The v i r t u a l  mass p o s i t i o n ,  
v e l o c i t y ,  magnitude, and magnitude r a t e  a r e  c a l c u l a t e d .  
C a l l i n g  sequence: CALL VMASS. 
Inpu t /ou tpu t  : A l l  communication w i t h  t h i s  r o u t i n e  i s  through 
COMMON s ta tements .  
Subprograms r e q u i r e d :  None. 
Approximate s t o r a g e  r equ i r ed  ( o c t a l ) :  330. 
Discussion:  The formulas used i n  t h i s  sub rou t ine  a re  d i s -  
cussed i n  t h e  A n a l y t i c a l  Nanual, Volume 11. 
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66. Subrout ine VMP 
Purpose: Th i s  sub rou t ine  i s  r e s p o n s i b l e  f o r  t he  l o g i c  i n -  
volved i n  g e n e r a t i n g  a v i r t u a l  mass t r a j e c t o r y .  
C a l l i n g  sequence: CALI, VMP (RS, ACC, D 1 ,  TRTM, DELTM, RSP, 
ISP2). 
Inpu t / ou  tpu t : 




D l  
TRTM 
DELTM 
RSF ( 6 )  
I SP2 










D e f i n i t i o n  
P o s i t i o n  and v e l o c i t y  of  ve- 
h i c l e  a t  i n i t i a l  time. 
Accuracy used. 
J u l i a n  d a t e ,  epoch 
January 0, 1900, o f  i n i t i a l  
t r a j e c t o r y  t i m e .  
I n i t i a l  t r a j e c t o r y  t i m e .  
T i m e  i n t e r v a l  ove r  which 
t r a j e c t o r y  i s  t o  be gen- 
e r a t e d .  
P o s i t i o n  and v e l o c i t y  of  
v e h i c l e  a t  f i n a l  time. 
A code t h a t  determines i f  
t he  t r a j e c t o r y  i s  t o  s t o p  
a t  sphere o f  i n f luence .  
Subprograms r equ i r ed :  ACTB, EPHEM, EST", INPUTZ, NEWPGE, 
ORE, PRINT, SPACE, TIME, VECTOR, W S S .  
Approximate s t o r a g e  r e q u i r e d  ( o c t a l ) :  1730. 
Discussion:  T h i s  sub rou t ine  handles  the g e n e r a l  flow o f  the  
v i r t u a l  mass program. I n  a d d i t i o n  i t  checks t o  see i f  t h e  v e h i c l e  
h a s  encountered c l o s e s t  approach o r  the sphere o f  i n f l u e n c e  of  
t h e  t a r g e t  p l a n e t .  I f  c l o s e s t  approach o r  t h e  sphere o f  i n f l u e n c e  
i s  reached du r ing  t h e  t i m e  increment over  which t h e  t r a j e c t o r y  i s  
being computed, t h e  program w i l l  no t  check f o r  a second c l o s e s t  
approach o r  a second encounter w i t h  t h e  sphere o f  inf luence.  
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Also ,  o n l y  one t a r g e t  p l a n e t  may be s p e c i f i e d  f o r  a g iven  run. 
Thus, i t  i s  not  p o s s i b l e  t o  check f o r  c l o s e s t  approach o r  sphere 
o f  i n f l u e n c e  f o r  a second t a r g e t  p l ane t .  
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Computation logic : 






I T R A T  = 2 * 
-1 
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V I ,  VARIABLE L I S T  
I N  THIS CHAPTER EACH VARIABLE USED I N  THE STEAP PROGRAM 
XS LISTED AND DESCRIBED* AS A GREAT NUMBER OF THESE VARIABLES 
ALL COMMON BLOCKS ARE TREATED SEPARATELY. SUBSEQUENTLY, ONLY 
APPEAR I N  COMMON BLOCKS AND I N  ORDER TO PREVENT REPETITION, 
THE NAME OF THE COMMON STATEMENT I S  LISTED I N  THE SUBROUTINE. 
COMMON BLOCKS -- 
ELK 
T 
PMASS ( 11) 
CN(80) 
S T ( 5 0 )  
EMN ( 1 5 )  
SMJR(18) 
RADIUS(11) 
RMASS (11 1 
N O ( l 1 )  




V ( 1 6 r 7 )  
F (44  t4) 






TRAJECTORY TIME IN DAYS 
GRAVITATIONAL CONSTANTS OF PLANETS IN 
A*U.**3/DAY**2 
CONSTANTS USED TO CALCULATE THE ORBITAL 
ELEMENTS OF THE FIRST F I V E  PLANETS 
CONSTANTS USED TO CALCULATE THE ORBITAL 
ELEMENTS OF THE LAST FOUR PLANETS 
THE CONSTANTS USED TO CALCULATE THE ORBITAL 
ELEMENTS OF THE MOON 
CONSTANTS USED TO CALCULATE THE SEMI-MAJOR 
AXES OF THE PLANETS 
THE RELATIVE GRAVITATIONAL CONSTANT OF A 
STATED PLANET WITH RESPECT TO THE SUN 
AN ARRAY OF PLANET CODES BEING USED TO 
GENERATE THE VIRTUAL MASS TRAJECTORY 
CONTAIN5 THE ORBITAL ELEMENTS OF THE PLANETS 
THE SPHERES OF INFLUENCE OF THE PLANETS I N  
THE POSITION AND VELOCITY OF A PLANET I N  
HELIOCENTRIC ECLIPTIC COORDINATES 
THE RADIUS OF A GIVEN PLANET I N  AeUe 
A*U*: 
AN ARRAY WHICH STORES PERTINANT VECTORS USED 
I N  THE CALCULATION OF THE VIRTUAL MASS 
CONTAINS THE POSITIONS AND VELOCITIES OF THE 
PLANETS AT A SPECIFIED TIME PLUS THE POSITIONS 
AND VELOCITIES OF THE SPACECRAFT RELATIVE TO 
THE PLANETS 
THE VALUE OF THE MATHEMATICAL CONSTANT P I  
THE NUMBER OF DEGREES PER RADIAN 
I N  INTERNAL CODE USED TO DETERMINE HOW MANY 
ITERATIONS HAVE BEEN ACCOMPLISHED I N  THE 
VIRTUAL MASS PROCEDURE 
A CODE WHICH SPECIFIES WHETHER PRINT-OUT I S  
TO OCCUR AFTER THIS TIME INCREMENT 
NUMBER OF INCREMENTS USED 
SPECIFIES AFTER HOW MANY TIME INCREMENTS 

























v 1  
v2 
v3 













DETERMINE WHETHER THE ABOVE OPION I S  TO BE 
USED 
A CODE WHICH DETERMINES I F  PRINT-OUT I S  TO 
OCCUR AFTER A SPECIFIED NUMBER OF DAYS 
NUMBER OF BODIES CONSIDERED I N  VIRTUAL MASS 
TRAJECTORY 
BASED ON ABOVE VALUE--EQUAL TO 4*NBODYIo3 
SPECIFIES PRINT OPTIONS ( I N  STEAP TRAJECTORY 
THIS OPTION I S  OMITTED. WHEN PRINT-OUT OCCURS 
ALL SECTIONS ARE AUTOMATICALLY PRINTED) 
PROBLEM NUMBER 
PAGE NUMBER 
L I N E  COUNT 
LINES PER PAGE 
EARTH'S ROTATIOJT RATE 
OBLIQUITY OF EARTH 
NUMBER OF STATIONS TO BE USED (MAXIMUM 3 )  
ALTITUDES OF STATIONS 
LATITUDES OF STATIONS 
CONSTANTS FROM WHICH DYNAMIC NOISE I S  COMPUTED 
LONGITUDES OF STATIONS 
MEASUREMENT NOISE CONSTANTS 
DIRECTION COSINE OF STAR 1 
DIRECTION COSINE OF STAR 2 
DIRECTION COSINE OF STAR 3 
DIRECTION COSINE OF STAR 1 
DIRECTION COSINE OF STAR 2 
DIRECTION COSINE OF STAR 3 
DIRECTION COSINE OF STAR 1 
DIRECTION COSINE OF STAR 2 
DIRECTION COSINE OF STAR 3 
OFF-DIAGONAL ANNIHILATION VALUE FOR POSITION 
EIGENVALUES 
OFF-DIAGONAL ANNIHILATION VALUE FOR VELOCITY 
EIGENVALUES 
THE AMOUNT OF CHANGE I N  X-COMPONENT DUE TO 
CHANGE I N  SEMI-MAJOR AXIS OF TARGET PLANET 
THE AMOUNT OF CHANGE I N  Y-COMPONENT DUE TO 
CHANGE I N  SEMI-MAJOR AXIS OF TARGET PLANET 
THE AMOUNT OF CHANGE I N  Z-COMPONENT DUE TO 
CHANGE I N  SEMI-MAJOR AXIS O F  TARGET PLANET 
THE AMOUNT OF CHANGE I N  X-COMPONENT DUE TO 
CHANGE I N  ECCENTRICITY O F  TARGET PLANET 
THE AMOUNT O F  CHANGE I N  Y-COMPONENT DUE TO 
CHANGE I N  ECCENTRICITY OF TARGET PLANET 
THE AMOUNT OF CHANGE I N  Z-COMPONENT DUE TO 
CHANGE I N  ECCENTRICITY OF TARGET PLANET 
THE AMOUNT OF CHANGE I N  X-COMPONENT DUE TO 
CHANGE IN INCLINATION OF TARGET PLANET 
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DELY I 0- 








IEVNT(50)  -- 
I H Y P l  -1 
I E I G  -- 
TPT2(20)  -0 
















THE AMOUNT OF CHANGE I N  Y-COMPONENT DUE TO 
CHANGE I N  INCLINATION OF TARGET PLANET 
THE AMOUNT OF CHANGE I N  Z-COMPONENT DUE TO 
CHANGE I N  SEMI-MAJOR AXIS OF TARGET PLANET 
USED TO GENERATE STATE TRANSITION MATRIX 
CHANGE I N  ECCENTRICITY O F  TARGET PLANET USED 
TO GENERATE STATE TRANSITION MATRIX 
CHANGE I N  INCLINATION OF TARGET PLANET USED 
T O  GENERATE STATE TRANSITION MATRIX 
CHANGE I N  GRAVITATIONAL CONSTANT OF SUN USED 
TO GENERATE STATE TRANSITION MATRIX 
CHANGE I N  GRAVITATIONAL CONSTANT OF TARGET 
PLANET USED TO GENERATE STATE TRANSITION MATRIX 
CHANGE IN INCLINATION OF TARGET PLANET 
NUMBER OF EVENTS 
TIMES OF EVENTS 
CODES OF EVENTS 
HYPERELLIPSOID CODE USED TO DETERMINE I F  
K=lr K=3r OR BOTH 
CODE USED TO DECIDE I F  BOTH POSITION AND 
VELOCITY EIGENVECTORS ARE REQUESTED 
PREDICTION TIMES 
CODES WHICH DETERMINE WHICH GUIDANCE POLICIES 
ARE BEING USED 
NUMBER OF PREDICTION EVENTS HAVING OCCURRED 
NUMBER OF GUIDANCE EVENTS HAVING OCCURRED 
CODE WHICH DETERMINES I F  FIXED-TIME-OF- 
A R R I V A L  GUIDANCE EVENT HAS OCCURED 
CODE WHICH DETERMINES I F  EITHER TWO-VARIABLE 
OR THREE-VARIABLE 8-PLANE GUIDANCE POLICY 
HAS OCCURRED 
ARRAY OF CODES WHICH DETERMINE WHICH 
EXECUTION POLICIES ARE TO BE USED I N  GUIDANCE 
EVENTS 
VARIANCE OF RESOLUTION ERROR 
VARIANCE OF PROPORTIONALITY ERROR 
VARIANCE OF ERROR I N  POINTING ANGLE 1 
VARIANCE OF ERROR I N  POINTING ANGLE 2 
TOTAL NUMBER OF EIGENVECTOR EVENTS 
TOTAL NUMBER OF PREDICTION EVENTS 
TOTAL NUMBER OF GUIDANCE EVENTS 
TOTAL NUMBER OF QUASI-LINEAR FILTERING EVENTS 
QUASI-LINEAR FILTERING EVENTS HAVING OCCURRED 
COVARIANCE MATRIX AT TIME OF LAST GUIDANCE 
EVENT 
STATE VECTOR AT TIME OF LAST GUIDANCE EVENT 
TIME OF LAST GUIDANCE EVENT 
VECTOR 
































D I B  
T T I M l  -- 
TTIM2 -I. 
UNMAC(3,JI -- 







_ _  _- -- 
TIMES O F  MEASUREMENTS 
ARRAY OF MEASUREMENT CODES 
TOTAL NUMBER OF MEASUREMENTS 
NUMBER OF MEASUREMENTS HAVING OCCURRED 
ACCURACY FIGURE USED I N  VIRTUAL MASS PROGRAM 
DYNAMIC NOISE FLAG 
STATE VECTOR CODE WHICH DETERMINES I N  WHICH 
COORDINATE SYSTEM THE VECTOR I S  READ I N  
MODE FLAG 
MEASUREMENT NOISE FLAG 
POSITION FACTOR USED I N  NUMERICAL DIFFERENCING 
VELOCITY FACTOR USED I N  NUMERICAL DIFFERENCING 







NAMES OF MONTHS 
NAMES OF PLANETS 
BIAS I N  GRAVITATIONAL CONSTANT OF SUN 
BIAS I N  GRAVITATIONAL CONSTANT OF TARGET 
PLANET 
BIAS I N  SEMI-MAJOR AXIS OF TARGET PLANET 
BIAS I N  ECCENTRICITY OF TARGET PLANET 
BIAS I N  INCLINATION OF TARGET PLANET 
FIRST TIME USED FOR UNMODELLED ACCELERATION 
SECOND TIME USED FOR UNMODELLED ACCELERATION 
UNMODELLED ACCELERATION 
BIASES I N  STATION LOCATION CONSTANTS 
VARIANCE OF ACTUAL MEASUREMENT NOISE 
ACTUAL MEASUREMENT NOISE F L A G  
ACTUAL RESOLUTION ERROR 
ACTUAL PROPORTIONALITY ERROR 
ACTUAL ERROR I N  POINTING ANGLE 1 
ACTUAL ERROR I N  POINTING ANGLE 2 
I N I T I A L  STATE VECTOR OF MOST RECENT NOMINAL 
TRAJECTORY 
FINAL STATE VECTOR OF MOST RECENT NOMINAL 
TRAJECTORY 
ACTUAL DEVIATION I N  THE STATE VECTOR 
ESTIMATED DEVIATION I N  THE STATE VECTOR 
.c" ACTUAL DYNAMIC NOISE * 
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ACTUAL STATE VECTOR 




ACTUAL MEASUREMENT NOISE 
ACTUAL DEVIATION I N  STATE VE 
OF TRAJECTORY 
INITIAL ACTUAL STATE VECTOR 
STVEC 











I S O I l  
I S 0 1 2  
TRJ 
I S 0 1 3  
I C A l  
I C A 2  
I C A 3  
R C A l ( 6 )  
RCA2(6) 
RCA3161 
R S O I l ( 3 )  
TOR AT EG INNING 
ARRAY OF PLANET CODES I N  ACTUAL TRAJECTORY 
ACCURACY USED I N  ACTUAL TRAJECTORY 
NUMBER OF BODIES I N  ACTUAL TRAJECTORY 
COVARIANCE MATRIX 
STATE TRANSITION MATRIX 
DYNAMIC NOISE MATRIX 
OBSERVATION MATRIX 
MEASUREMENT NOISE MATRIX 
K MATRIX 
COVARIANCE MATRIX AT BEGINNING O F  TRAJECTORY 
COVARIANCE MATRIX BEFORE THE MEASUREMENT 
H*P*H-TRANSPOSE + R 
I N I T I A L  STATE VECTOR OF ORIGINAL NOMINAL 
FINAL STATE VECTOR OF ORIGINAL NOMINAL 
DIMENSION O F  STATE VECTOR 
AUGMENTATION CODE 
STATE VECTOR OF ORIGINAL NOMINAL AT BEGINNING 
OF TRAJECTORY 
I N I T I A L  TRAJECTORY TIME 
TIME INCREMENT 
FINAL TRAJECTORY TIME 
UNIVERSAL TIME 
TRAJECTORY TIME AT BEGINNING OF TRAJECTORY 
SPHERE OF INFLUENCE CODE FOR ORIGINAL NOMINAL 
SPHERE OF INFLUENCE CODE FOR MOST RECENT 
NOMINAL 
SPHERE OF INFLUENCE CODE FOR ACTUAL TRAJECTORY 
CLOSEST APPROACH CODE FOR ORIGINAL NOMINAL 
CLOSEST APPROACH CODE FOR MOST RECENT NOMINAL 
CLOSEST APPROACH CODE FOR ACTUAL TRAJECTORY 
STATE AT CLOSEST APPROACH ON ORIGINAL NOMINAL 
STATE AT CLOSEST'APPROACH ON MOST RECENT 
NOMINAL 
STATE AT CLOSEST APPROACH ON ACTUAL TRAJECTORY 
POSITION AT SPHERE OF INFLUENCE ON ORIGINAL 
NOMINAL * 
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RSOI2 ( 3 1 
RSO 13 ( 3 1 
VSOI 1 (3) 
VSOI2 ( 3 1 


































R S I  ( 3 )  
VSI  (3 )  
DS I 







POSITION AT SPHERE OF INFLUENCE ON MOST RECENT 
TRAJECTORY 
NOMINAL 
POSITION AT SPHERE OF INFLUENCE ON ACTUAL 
VELOCITY AT SPHERE OF INFLUENCE ON ORIGINAL 
NOMINAL 
VELOCITY AT SPHERE OF INFLUENCE ON MOST RECENT 
NOMINAL 
TRAJECTORY 
TIME AT CLOSEST APPROACH OF ORIGINAL NOMINAL 
TIME AT CLOSEST APPROACH OF MOST RECENT 
NOMINAL 
TIME AT SPHERE OF INFLUENCE OF ORIGINAL 
NOMINAL 
NOMINAL 
TIME AT SPHERE OF INFLUENCE OF ACTUAL 
TRAJECTORY 
B ON ORIGINAL NOMINAL 
B ON MOST RECENT NOMINAL 
B DOT T ON ORIGINAL NOMINAL 
B DOT T ON ACTUAL TRAJECTORY 
B DOT R ON ORIGINAL NOMINAL 
0 DOT R ON ACTUAL TRAJECTORY 
VELOCITY AT SPHERE OF INFLUENCE ON ACTUAL 
TIME A T  CLOSEST APPROACH OF ACTUAL TRAJECTORY 
TIME AT SPHERE OF INFLUENCE OF MOST RECENT 
B ON ACTUAL TRAJECTORY 
B DOT T ON MOST RECENT NOMINAL 
B DOT R ON MOST RECENT NOMINAL 
NOMINAL TRAJECTORY CODE 
ALTERNATE STATE TRANSITION MATRIX CODE 
MAXIMUM TIME INCREMENT FOR WHICH ISTMC I S  
VALID 
NUMERICAL DIFFERENCING ACCURACY CODE 
ACCURACY USED I N  NUMERICAL DIFFERENCING I F  
STATE TRANSITION MATRIX CODE 
NDACC INDICATES 
NUMBER OF BODIES USED I N  VIRTUAL MASS PROGRAM 
CODES OF PLANETS 
CODE OF TARGET PLANET 
TIME UNITS PER DAY 
PRINT INCREMENTS ( I N  DAYS) 
PRINT INCREMENTS ( I N  INCREMENTS) 
PROBLEM NUMBER 
STATE AT CLOSEST APPROACH 
JULIAN DATEIEPOCH 1 9 0 0 t A T  CLOSEST APPROACH 
POSITION AT SPHERE OF INFLUENCE 
JULIAN DATE, EPOCH 1900, AT SPHERE OF 
INFLUENCE 
LENGTH UNITS PER AeUv 
VELOCITY AT SPHERE OF INFLUENCE 
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SPHERE OF INFLUENCE CODE 
POSITION OF VEHICLE RELATIVE TO VIRTUAL MASS 
B AT SPHERE OF INFLUENCE 
B DOT 
E3 DOT R 
INCREMENT I N  TRUE ANOMALY USED 
TOTAL TIME USED 
TOTAL INCREMENTS USED 
EPHEMERIS CODE 
CLOSEST APPROACH CODE 
PRINT CODE 
POSITION AND VELOCITY OF EARTH 
POSITION AND VELOCITY OF TARGET PLANET 
GRAVITATIONAL CONSTANT OF VIRTUAL MASS 







































BIAS I N  MEASUREMENT 
INTERMEDIATE VARIABLE USED I N  COMPUTING EDEVX 
INDEX 
NUMBER OF RUNS MADE 
TOTAL NUMBER OF RUNS TO BE MADE 
INDEX 
INDEX 
NUMBER OF EVENTS HAVING OCCURRED 
NUMBER OF ROWS I N  H 
INTERMEDIATE TIME OF EVENT 
TIME OF NEXT MEASUREMENT 



























D T 1  
DT2 
DT3 
D V 1  













H I  
HL 
HP 
SEMI-MAJOR AXIS OF TARGET PLANET HYPERBOLA 
ACCURACY LEVELS TO BE USED I N  TARGETING 
FINAL ACCURACY LEVEL 
DIFFERENCING 
TRAJECTORY INCLINATION AT CLOSEST APPROACH 
CONVERSION UNIT FROM KM TO ASTRONOMICAL UNITS 
CONVERSION UNIT FROM KM/SEC TO AU/DAY 
BASIC VELOCITY INCREMENT FOR STM .COMPUTATION 
COSINE OF TRUE ANOMALY AT SPHERE OF INFLUENCE 
I N  TARGET PLANET HYPERBOLA 
TARGET IMPACT PARAMETER B 
BeR 
BeT 
DAYS BETWEEN PRINTOUT ON FINAL TRAJECTORY 
INTEGRATION 
VELOCITY INCREMENT USED I N  CURRENT .TARGETING 
JULIAN DATE OF FINAL TIME I N  INTEGRATION 
INTERMEDIATE VARIABLE 
TARGET INCLINATION (DEGREES) 
TARGET RAOIUS OF CLOSEST APPROACH 
DESIRED CHANGE I N  FIRST TARGET PARAMETER 
DESIRED CHANGE I N  SECOND TARGET PARAMETER 
DESIRED CHANGE I N  THIRD TARGET PARAMETER 
CURRENT ACCURACY LEVEL DURING NUMERICAL 
(AIU. 1 
CONVERSION UNIT FROM KM TO AeUo 
PREDICTED CHANGE IN FIRST VELOCITY COMPONENT 
PREDICTED CHANGE IN SECOND VELOCITY COMPONENT 
PREDICTED CHANGE I N  THIRD VELOCITY COMPONENT 
JULIAN DATE OF I N I T I A L  TIME 
JULIAN DATE AT SHPERE OF INFLUENCE 
JULIAN DATE AT CLOSEST APPROACH 
ECCENTRICITY OF TARGET PLANET HYPERBOLA 
TRANSFORMATION MATRIX FROM TARGET PLANET 
ECLIPTIC TO TARGET PLANET EQUATORIAL 
TRANSFORMATION MATRIX FROM TARGET PLANET 
EQUATORIAL TO TARGET PLANET ECLIPTIC 
MEASURE OF ERROR I N  CURRENT ITERATION 
ERROR I N  FIRST TARGET PARAMETER 
ERROR I N  SECOND TARGET PARAMETER 
ERROR I N  THIRD TARGET PARAMETER(TARGET DATE) 
INTERMEDIATE VARIABLE I N  HYPERBOLIC TIME 
CALCULATION 
INCLINATION OF TARGET PLANET HYPERBOLIC 
W e R n T e  ECLIPTIC 
LONGITUDE OF TARGET PLANET HYPERBOLIC WeR*T* 
ECLIPTIC 
SEMI-LATUS RECTUM OF TARGET PLANET HYPERBOLA 
WeRoTe ECLIPTIC * 
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HW 
I D A T l  
IRAT2 
IDATJ 










I T A R G  
ITARGS 
I TER 
I T I M  
JC3 
J I N J T  
LEVEL 







P H I  
PRERR 













ARGUMENT OF PERIAPSIS OF TARGET PLANET 
CALENDAR DATE OF I N I T I A L  DATE EXCEPT SECONDS 
CALENDAR DATE AT SPHERE OF INFLUENCE 
CALENDAR DATE AT CLOSEST APPROACH 
FLAG SPECIFYING WHETHER LAST STEP UNDER 
TARGET OPTION 6 HAS BEEN MADE 
DESIRED NUMBER OF INCREMENTS BETWEEN PRINTOUTS 
OF F INAL TRAJECTORY 
INJECTION OPTION F L A G  
F L A G  INDICATING WHETHER CLOSEST APPROACH 
STM HAS BEEN COMPUTED OR NOT 
TOTAL NUMBER O F  ACCURACY LEVELS 
F L A G  INDICATING WHETHER INTEGRATION SHOULD 
STOP AT SHPERE OF INFLUENCE OR NOT 
STORAGE FOR ISKEJ 
CURRENT STEP (INTEGRATION) DURING STM 
PERTURBED INTEGRATIONS 
F L A G  INDICATING WHETHER STM I S  RECOMPUTED 
OR NOT 
STORAGE FOR ISTEP 
TARGET OPTION F L A G  
STORAGE FOR ITARG 
NUMBER OF ITERATIONS COMPLETED 
F L A G  INDICATING WHETHER TIME OF CLOSEST 
APPROACH HAS BEEN COMPUTED OR NOT 
FLAG INDICATING WHETHER BIASED OR UNBIASED 
PATCHED CONIC CONDITIONS ARE TO BE COMPUTED 
F L A G  INDICATING WHETHER INJECTION TIME SHOULD 
BE UPDATED OR NOT 
CURRENT LEVEL OF ACCURACY IN TARGETING 
PROCEDURE 
NUMBER OF ITERATIONS TO BE MADE AT EACH 
INTERMEDIATE ACCURACY LEVEL 
MAXIMUM NUMBER OF ITERATIONS TO BE MADE AT 
MAXIMUM NUMB5R OF ITERATIONS TO BE MADE AT 
FINAL LEVEL 
INDEX OF LAUNCH PLANET 
FLAG INDICATING WHETHER IN INNER OR OUTER 
TARGETING 
UNIT VECTOR I N  DIRECTION OF PERIAPSIS I N  
TARGET PLANET HYPERBOLA 
PERIAPSIS RADIUS OF TARGET PLANET HYPERBOLA 
STM FOR TARGETING OPTION 3 
ERROR OF PREVIOUS ITERATE 
UNIT VECTOR PERPENCICULAR TO P IN TARGET 
MAGNITUDE OF RADIUS AT CLOSEST APPROACH 
CONVERSION UNIT FROM DEGREES TO RADIUS 
TRAJECTORY RADIUS OF CLOSEST APPROACH 
RATE OF CHANGE OF RADIAL MAGNITUDE AT 
HYPERBOLA NeReTe ECLIPTIC 
CURRENT LEVEL 
STM FOR ANY SET OF 3 TARGET CONDITIONS 
PLANET HYPERBOLA 
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T O L R l  
TOLR2 
TOLR3 
T O L l  
T O L 2  
T O L 3  






P I  
..- 
FACTOR BY WHICH BAD STEP CORRECTIONS ARE 
REDUCED 
RADIUS MAGNITUDE 
CLOSEST APPRIACH STATE I N  TARGET PLANET 
EQUATORIAL COORDINATES 
I N I T I A L  STATE I N  TRAJECTORY INTEGRATIONS 
FINAL STATE I N  TRAJECTORY INTEGRATIONS 
STORAGE O F  TARGETED STATE AT FIRST ACCURACY 
LEVEL 
INJECTION POSITION I N  LAUNCH PLANET ECLIPTIC 
COOHDIATES 
STORAGE FOR DELV 
INTERMEDIATE VARIABLES FOR HYPERBOLIC TIME 
CALCULATION 
STORAGE OF TARGETED VELOCITY AT F INAL 
ACCURACY LEVEL 
STORAGE FOR TTS 
STORAGE FOR T A R G l  
STORAGE FOR TARG2 
STORAGE FOR TARG3 
STORAGE OF PREVIOUS ITERATE FIRST VELOCITY 
COMPONENT 
STORAGE OF PREVIOUS ITERATE SECOND VELOCITY 
COMPONENT 
STORAGE OF PREVIOUS ITERATE THIRD VELOCITY 
COMPONENT 
SECONDS OF I N I T I A L  TIME 
SECONDS OF TIME AT SPHERE OF INFLUENCE 
SECONDS OF TIME AT CLOSEST APPROACH 
TRUE ANOMALY AT SPHERE OF INFLUENCE ALONG 
TARGET PLANET HYPERBOLA 
FIRST TARGET VALUE 
SECOND TARGET VALUE 
TARGET TINE 
CUMULATIVE COMPUTER TIME 
CORRECTION TIME FOR CLOSEST APPROACH 
ITERATION 
DAYS BETWEEN PRINTOUTS ON FINAL TRAJECTORY 
INTEGRATION 
COMPUTER TIME AT START O F  PROGRAM 
TIME CORRECTION FOR OUTER TARGETING 
TARGET PLANET GRAVITATIONAL CONSTANT 
TOLERANCE O F  FIRST VARIABLE AT CURRENT LEVEL 
TOLERANCE OF SECOND VARIABLE AT CURRENT LEVEL 
TOLERANCE O F  THIRD VARIABLE AT CURRENT LEVEL 
FINAL TOLERANCE OF FIRST TARGET VARIABLE 
FINAL TOLERANCE OF SECOND TARGET VARIABLE 
FINAL TOLERANCE OF THIRD TARGET VARIABLE 
TRAJECTORY VALUES OF FIRST TARGET PARAMETER 
AT N O M ~ N ~ L  AND PERTURBED INTEGRATIONS 
TRAJECTORY VALUES O F  SECOND TARGET PARAMETER 
AT NOMINAL AND PERTURBED INTEGRATIONS 
AT N O M ~ N A ~  AND PERTURBED INTEGRATIONS 






























I N I T I A L  TRAJECTORY TIME 
TIME FROM SPHERE OF INFLUENCE TO CLOSEST 
APPROACH 
TARGET PLANET SPHERE OF INFLUENCE 
VELOCITY MAGNITUDE AT CLOSEST APPROACH I N  
OUTER TARGETING 
VELOCITY COMPONENTS FOR NOMINAL AND PERTURBED 
INTEGRATIONS 
HYPERBOLIC EXCESS VELOCITY ON TARGET PLANET 
HYPERBOLA 
VELOCITY MAGNITUDE AT CLOSEST APPROACH 
MAGNITUDE OF VELOCITY AT SPHERE OF INFLUENCE 
ON TARGET PLANET HYPERBOLA 
INJECTION VELOCITY 
NORMAL TO TARGET PLANET HYPERBOLA 
STORAGE FOR TOL l  
STORAGE FOR TOL2 
STORAGE FOR TOL3 
NORMAL TO CLOSEST APPROACH PLANE 
MAGNITUDE OF ANGULAR MOMENTUM AT CLOSEST 
APPROACH 
SEMI-MAJOR AXIS 
MAGNITUDE OF R V  
B VECTOR 
COSINE O F  TRUE ANOMALY 






R DOT V DIVIDED By MAGNITUDE OF R 
R DOT v 
INTERMEDIATE VECTOR 
SINE OF TRUE ANOMALY 
INTERMEDIATE VECTOR 
INTERMEDIATE VECTOR 
MAGNITUDE OF V 
RXV 
INTERMEDIATE VECTOR 
MAGNITUDE OF R 
ANGLE OF FIRST BURN 
DESIRED LAUNCH AZIMUTH 
INJECTION AZIMUTH 
JULIAN DATE OF LAUNCH 
LATITUDE OF LAUNCH S ITE 
ANGLE OF SECOND BURN 
















T I M 1  
T IM2 
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DE OF LAUNCH SITE 
TIONAL CONSTANT OF LAUNCH P 
INJECTION LATITUDE 
UNIT VECTOR I N  DIRECTION OF PERIAPSIS OF 
HYPERBOLA 
UNIT VECTOR I N  PLANE OF HYPERBOLA 
PERPENDICULAR TO PV 
ROTATIONAL RATE O F  LAUNCH PLANET 
PERIAPSIS RADIUS OF HYPERBOLA 
UNIT VECTOR I N  DIRECTION OF DEPARTURE 
ASYMPTOTE 
TRUE ANOMALY AT INJECTION 
TIME BETWEEN LAUNCH AND INJECTION 
COAST TIME 
INJECTION LONGITUDE 
TIME OF FIRST BURN (SEC) 
TIME OF SECOND BURN (SEC) 
TIME (HRS) OF INJECTION FROM ZERO HOURS ON 
DATE OF LAUNCH 
TIME (HRS1 OF LAUNCH AFTER ZERO HOURS O N  
DATE OF LAUNCH 
NORMAL TO LAUNCH PLANE 




NORMAL TO PLANE I N  TARGET PLANE EQUATORIAL 
COORDINATES 
NORMAL TO PLANE I N  IMPACT PLANE COORDINATES 
( R  HAT, S HAT, T HAT) 




COSINE OF TRUE ANOMALY AT SPHERE OF INFLUENCE 
ANGULAR MOMENTUM FROM ECLIPTIC COORDINATES 
TARGET IMPACT PARAMETER B 
TARGET DIR 
TARGET BeT 
DECLINATION O F  APPROACH ASYMPTOTE 
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INTERMEDIATE VARIABLE I N  HYPERBOLIC TIME 
CALCULATION 
INCLINATION AT CLOSEST APPROACH 
RADIUS AT CLOSEST APPROACH 
DECLINATION OF APPROACH ASYMPTOTE (ECLIPTIC 
COORDINATES) 
ECCENTRICITY OF TARGET PLANE HYPERBOLA 
ECLIPTIC-TO-IMPACT PLANE COORDINATE 
TRANSFQRMATION 
TRANSFORMATION MATRIX FROM EQUATORIAL TO 
ECLIPTIC COORDINATES 
EQUATORIAL-TO-IMPACT PLANE COORDINATE 
TRANSFORMATION 
INTERMEDIATE VARIABLE I N  HYPERBOLIC TIME 
CALCULATION 
INCLINATION OF HYPERBOLIC ORBIT PLANE 
LONGITUDE OF ASCENDING NODE OF HYPERBOLIC 
ORBIT PLANE 
SEMI-LATUS RECTUM OF HYPERBOLA 
ARGUMENT OF PERIAPSIS OF HYPERBOLA 
UNIT VECTOR I N  DIRECTION O F  PERIAPSIS 
PERIAPSIS RADIUS OF HYPERBOLA 
UNIT VECTOR NORMAL TO P BAR I N  ORBITAL PLANE 
LONGITUDE OF INCOMING ASYMPTOTE (EQUATORIAL 
COORDINATES) 
CONVERSION UNIT FROM RADIANS TO DEGREES 
INTERMEDIATE VARIABLE I N  HYPERBOLIC TIME 
CALCULATION 
INTERMEDIATE VARIABLE I N  HYPERBOLIC TIME 
CALCULATION 
RADIUS MAGNITUDE AT SPHERE OF INFLUENCE 
INTERSECTION 
RIGHT ASCENSION OF INCOMING ASYMPTOTIC 
(ECLIPTIC COORDINATES) 
INCOMING ASYMPTOTE(EQUATOR1AL COORDINATES) 
SIGN OF Z COMPONENT O F  ANGULAR MOMENTUM 
SIGN OF DECLINATION DECL 
SIGN OF ANGLE BETWEEN ASCENDING NODE AND 
INCOMING ASYMPTOTE 
INTERMEDIATE VARIABLE I N  HYPERBOLIC TIME 
CALCULATION 
SIGN OF TARGET INCLINATION 
STORAGE OF DINCL 




SINE OF ANGLE AT SPHERE O F  INFLUENCE 




POSITION VECTOR AT SPHERE OF INFLUENCE 
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ANGLE I N  B-PLANE FROM T-AXIS TO 8-PARAMETER 
TIME FROM SPHERE OF INFLUENCE TO CLOSEST 
APPROACH ON HYPERBOLA 
GRAVITATIONAL CONSTANT OF TARGET PLANET 
CORRECTED HYPERBOLIC EXCESS VELOCITY 
VELOCITY VECTOR AT SPHERE OF INFLUENCE 
NORMALIZED APPROACH ASYMPTOTE (ECLIPTIC COOR) 
LONGITUDE OF ASCENDING NODE (ECLIPTIC 
COORDINATES) 
NORMAL TO ORBITAL PLANE (ECLIPTIC COORDINATE) 
INTERMEDIATE VECTOR USE0 I N  COMPUTING P P Q  
VECTORS 






COSINE O F  ECCENTRIC ANOMALY 
COSINE OF TRUE ANOMALY 
COSINE OF TRUE ANOMALY ON ELLIPSE 




















R DOT,V DIVIDED By  MAGNITUDE OF R 
MAGNITUDE OF R 




SINE OF ECCENTRIC ANOMALY 
SINE OF F 
INTER ME^ I ATE VARIABLE 
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SINE OF TRUE ANOMALY 







MAGNITUDE OF v 
SEMI-MAJOR AXIS 
ECCENTRICITY 
GRAVITATIONAL CONSTANT OF PRIMARY BODY 
SEMI-LATUS RECTUM 
STANDARD UNIT VECTOR I N  DIRECTION OF 
PER I APS IS 
STANDARD UNIT VECTOR IN ORBITAL PLANE 
NORMAL TO PV 
POSITION VECTOR 
POSITION VECTOR MAGNITUDE 
PERIAPSIS RADIUS 
TRUE ANOMALY O F  SPECIFIED POSITION 
VELOCITY VECTOR 
VELOCITY VECTOR MAGNITUDE 
ARGUMENT OF PERIAPSIS 
NORMAL TO ORBITAL PLANE 
INCLINATION 
LONGITUDE OF ASCENDING NODE 
ANGLE OF FIRST BURN 
ANGLE O F  SECOND BURN 
OBLIQUITY OF LAUNCH PLANET ORBIT 
LATITUDE OF LAUNCH S I T E  
LONGTUDE OF LAUNCH S I T E  
ASCENDING NODE OF LAUNCH PLANET ORBIT 
TRUE ANOMALY OF TRAJECTORY 
INDEX OF LAUNCH PLANET 
INDEX OF TARGET PLANET 
ROTATIONAL RATE OF LAUNCH PLANET 
PARKING ORBIT RADIUS 
TIME OF FIRST BURN 




COSINE O F  PATH ANGLE 
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L O A Y  -a 
COSINE OF RIGHT ASCENSION 
SINE OF PATH ANGLE 
SINE O F  DECLINATION 
SINE OF RIGHT ASCENSION 
INTERMEDIATE VARIABLE 
INTERMEDIATE JULIAN DATE 
INTERMEDIATE JULIAN DATE 
CALENDAR DATE AT WHICH EARTHS ORBITAL ELEMENTS 
WILL BE CALCULATED 




CALENDAR DAY OF FINAL TIME 
CALENDAR HOUR OF FINAL TIME 
INDEX 
CALENDAR MINUTES OF FINAL TIME 
CALENDAR MONTH (TF F INAL TIME 
PROBLEM NUMBER 
INDEX 






CALENDAR DATE AT WHICH ORBITAL ELEMENTS OF 
JUPITER WILL BE CALCULATED 
INDEX 
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CALENDAR HOURS OF I N I T I A L  TIME 
CALENDAR MINUTES OF I N I T I A L  TIME 
CALENDAR MONTH OF I N I T I A L  TIME 
CALENDAR YEAR O F  I N I T I A L  TIME 
CALENDAR DATE AT WHICH ORBITAL ELEMENTS O F  
MARS WILL BE CALCULATED 
MEASUREMENT CODES 
CALENDAR DATE AT WHICH ORBITAL ELEMENTS OF 
CALENDAR DATE A T  WHICH ORBITAL ELEMENTS OF 
EARTHS MOON WILL BE CALCULATED 
NUMBER OF ENTRIES I N  MEASUREMENT SCHEDULE 
CALENDAR DATE AT WHICH ORBITAL ELEMENTS OF 






CALENDAR DATE AT WHICH ORBITAL ELEMENTS OF 
PLUTO WILL BE CALUCLATED 
GEOCENTRIC RADIUS OF VEHICLE 
CALENDAR DATE AT WHICH ORBITAL ELEMENTS O F  
SATURN WILL BE CALCULATED 
ARRAY OF TIMES I N  MEASUREMENT SCHEDULE 
INTERMEDIATE CALENDAR SECONDS 
CALENDAR SECONDS A T  F INAL TIME 







CALENDAR DATE AT WHICH ORBITAL ELEMENTS OF 
URANUS WILL BE CALCULATED 
MAGNITUDE OF VELOCITY OF VEHICLE 
CALENDAR DATE AT WHICH ORBITAL ELEMENTS OF 
VENUS WILL BE CALCULATED 
INTERMEDIATE VELOCITY CONVERSION FACTOR 






S I N 1  
STM 
STVEC 
T I M  
VM 
DT 
VARIABLES -- TIME INCREMENT 
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L I N E  COUNT 
MAXIMUM NUMBER OF LINES PER PAGE 
INTERMED I ATE ARRAY 
POSITION AND VELOCITY OF VEHICLE AT TIME OF 
EIGENVECTOR EVENT 






INTERMEDIATE CODE USED I N  COMPUTING EIGEN- 
























I J  
IJ1 
I K  
I L  


















L INE COUNT 
MAXIMUM NUMBER OF LINES PER PAGE 
INTERMED I ATE ARRAY 
POSITION AND VELOCITY OF VEHICLE AT TIME OF 
EIGENVECTOR EVENT ON ORIGINAL NOMINAL 
POSITION AND VELOCITY OF VEHICLE ON MOST 
RECENT NOMINAL AT TIME OF EIGENVECTOR EVENT 
POSITION AND VELOCITY OF VEHICLE ON ACTUAL 
TRAJECTORY AT TIME OF EIGENVECTOR EVENT 
CORRELATION COEFFICIENT MATRIX 
POSITION AND VELOCITY OF VEHICLE ON ACTUAL 






VELOCITY DIVIDED By RADIUS 





INDEX, ROW OF F 
INDEX 
INTERMEDIATE VARIABLE 
INTERNAL CODE WHICH DETERMINES I F  COORDINATES 
OF EARTH ARE BEING CALCULATED ONLY I N  ORDER 
TO COMPUTE THOSE OF MOON 
INTERNAL CODE WHICH DETERMINES I F  COORDINATES 
O F  EARTH HAVE BEEN COMPUTED PRIOR TO COMPUTING 




EQUAL TO TWO TIMES P I  
HELIOCENTRIC RADIUS OF PLANET 
ARRAY OF TRIGONOMETRIC FUNCTIONS OF SPECIFIED 
ANGLES 
VELOCITY OF PLANET 
X-COMPONENT OF INTERMEDIATE VECTORI W 
Y-COMPONENT OF INTERMEDIATE VECTOR# W 
































































FIRST ROTATION ANGLE 
SECOND ROTATION ANGLE 
THIRD ROTATION ANGLE 
THIRD AXIS OF ROTATION 
SECOND AXIS OF ROTATION 
FIRST AXIS OF ROTATION 
THE TRANSFORMATION MATRIX 
NUMBER OF DAYS I N  TSTAR 
EARTH ROTATION RATE 
INTERMEDIATE VARIABLE 
FRACTION OF DAY I N  TSTAR 
TRAJECTORY TIME 
GREENWICH HOUR ANGLE 
JULIAN DATE OF JAN, 01 1950 
JULIAN DATE, EPOCH JAN* 0 1  1 9 5 0 ~  OF I N I T I A L  
GUIDANCE SUB-MATRIX A 
GUIDANCE SUB-MATRIX B 
B DOT R 
VALUE OF B DOT R RETURNED FROM PARTL (NOT 
USED 1 
8 DOT T 
VALUE OF B DOT T RETURNED FROM PARTL (NOT 
USED 1 
VALUE OF B RETURNED FROM PARTL (NOT USED) 
INTERMEDIATE JULIAN DATE 

















M A X  
PBR 
PBT 
P H I 1  
PHI2  
PHI3  






























INTERMEDIATE STORAGE FOR I C L  
INTERMEDIATE STORAGE FOR ICL2 
INTERMEDIATE STORAGE FOR INCMT 
STORAGE FOR IPRINT 




L I N E  COUNT 
MAXIMUM NUMBER OF LINES PER PAGE 
PARTIAL OF B DOT R WITH RESPECT TO STATE 
VECTOR 
PARTIAL O F  B DOT T WITH RESPECT TO STATE 
VECTOR 
INTERMEDIATE ARRAY 
POSITION AND VELOCITY OF VEHICLE AT TIME OF 
GUIDANCE EVENT 
POSITION AN0 VELOCITY O F  VEHICLE RELATIVE TO 
SUN AT SPHERE OF INFLUENCE 
TRAJECTORY TIME AT CLOSEST APPROACH 
INTERMEDIATE STORAGE FOR TIMINT 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
SUN AT CLOSEST APPROACH 
POSITION OF VEHICLE RELATIVE TO TARGET PLANET 
AT SPHERE OF INFLUENCE 
VELOCITY OF VEHICLE RELATIVE TO TARGET PLANET 
AT SPHERE OF INFLUENCE 
INTERMEDIATE ARRAY 
INTERMEDIATE ARRAY 
TRAJECTORY TIME AT SPHERE OF INFLUENCE 
VARIATION MATRIX 
INTERMEDIATE VARIABLE USED TO FIND MAXIMUM 
EIGENVALUE OF 5 
RHO DIVIDED BY MAGNITUDE OF EIGENVECTOR 















































S I M l  
S I M 2  
INTERMEDIATE VARIABLE 
INTERMEDIATE VARIABLE 
MAGNITUDE O F  EIGENVECTOR CORRESPONDING TO 
MAXIMUM EIGENVALUE OF 5 
EIGENVECTORS 
EIGENVALUES 
EXECUTION ERROR MATRIX 
INTERMEDIATE VARIABLE 
EXPECTED VALUE OF VELOCITY CORRECTION 
GUIDANCE MATRIX 




CODE WHICH DETERMINES WHICH GUIDANCE POLICY 
TS BEING USED 
CODE WHICH DETERMINES WHICH POLICY I S  BEING 
USED TO COMPUTE THE EXECUTION ERROR MATRIX 





INDEX OF MAXIMUM EXGENVALUE OF S 
MAXIMUM LINES PER PAGE 
INTERMEDIATE INDEX 
INTERMEDIATE STORAGE FOR P 
INTERMEDIATE STORAGE FOR P 
POSITION AND VELOCITY OF VEHICLE AT TIME OF 
GUIDANCE EVENT 
EXPECTED VALUE OF DELTA V 
COVARIANCE MATRIX ASSOCIATED WITH VELOCITY 
COMPONENTS 
STANDARD DEVIATION OF EXPECTED VALUE OF 
DELTA v 


































M A X  
PBH 
PBT 
P H I 1  
P H I 2  
PHI3  
R I  










GUIDANCE SUB-MATRIX A 
GUIDANCE SUB-MATRIX €3 
VALUE OF B DOT R RETURNED FROM PARTL (NOT 
USED 1 
VALUE OF B DOT T RETURNED FROM PARTL (NOT 
USED 1 








INTERMEDIATE STORAGE FOR I C L  
INTERMEDIATE STORAGE FOR ICL2 
INTERMEDIATE STORAGE FOR IPRINT 




L INE COUNT 
MAXIMUM NUMBER OF LINES PER PAGE 
PARTIAL O F  B DOT R WITH RESPECT TO STATE 
VECTOR 





POSITION AND VELOCITY OF VEHICLE ON ORIGINAL 
NOMINAL TRAJECTORY AT TIME O F  GUIDANCE EVENT 
POSITION AND VELOCITY OF VEHICLE OM MOST 
RECENT NOMINAL AT TIME OF GUIDANCE EVENT 
DISTANCE OF VEHICLE FROM TARGET PLANET AT 
CLOSEST APPROACH 
DISTANCE OF VEHICLE FROM TARGET PLANET AT 
SPHERE OF INFLUENCE 
POSITION AND VELOCITY OF VEHICLE RELATIVE 
TO SUN AT SPHERE OF INFLUENCE 
TRAJECTORY TIME AT CLOSEST APPROACH 
TRAJECTORY TIME AT SPHERE OF INFLUENCE 
TO TARGET PLANET AT CLOSEST APPROACH 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE 
TO TARGET PLANET AT SPHERE OF INFLUENCE 
POSITION AND VELOCITY OF VEHICLE RELATIVE 
TO SUN AT CLOSEST APPROACH 











S I M 2  
STM 
STVEC 

































INTERMEDIATE VARIABLE FOR 
INTERMEDIATE VARIABLE FOR 
ANGLE 1 
INTERMEDIATE VARIABLE FOR 
ANGLE 2 
RESOLUTION ERROR 
ERROR I N  POINTING 
ERROR I N  POINTING 
ESTIMATED DEVIATION OF STATE VECTOR FROM 
ORIGINAL NOMINAL, ALSO USED FOR ERROR,AT 






PERFECT CORRECTION@ ALSO USED FOR ACTUAL 
ERROR I N  CORRECTION AND ACTUAL ERROR AT 
TARGET AFTER CORRECTION 
COMMANDED CORRECTION 
MAGNITUDE OF COMMANDED CORRECTION 
ERROR I N  CORRECTION DUE TO NAVIGATION UNCER- 
TAINTY, ALSO USED FOR ACTUAL CORRECTION 
ACTUAL DEVIATION OF STATE VECTOR FROM 




EXECUTION ERROR MATRIX 
INTERMEDIATE VARIABLE 
GUIDANCE MATRIX 




CODE USE0 TO DETERMINE WHICH GUIDANCE POLICY 

























VARIABLES -- I 
J 
K 
K 2  


























X I  





TRAJECTORY AT TIME OF LAST MEASUREMENT OR 
EVENT 
COVARIANCE MATRIX ASSOCIATED WITH VELOCITY 
COMPONENTS 









SQUARE OF SIGMA LEVEL 
INVERSE OF MATRIX P 
TWICE THE VALUE O F  ( 1 ~ 2 )  ELEMENT OF P I  
TWICE THE VALUE OF (le31 ELEMENT OF P I  
TWICE THE VALUE O F  ( 2 r 3 )  ELEMENT OF P I  




DECLINATION OF OEPARTURE ASYMPTOTE 
ECCENTRICITY 
LATITUDE OF LAUNCH S ITE 
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I M I N  
IN0 
INERR 
I P  












A I I P  ..- 
A I P I P  e- 
ENERGY 
ECCENTRICITY 
TRANSFORMATION MATRIX FROM ECLIPTIC TO 
EQUATORIAL COORDINATES 
PATH ANGLE AT GIVEN RADIUS 
GRAVITATIONAL CONSTANT OF PRIMARY 
SEMI-LATUS RECTUM 
UNIT VECTOR TO PERIAPSIS FROM PRIMARY 
UNIT VECTOR NORMAL TO P HAT I N  PLANE OF ORBIT 
RADIUS AT WHICH STATE I S  DESIRED 
PERIAPSIS RARIUS 
TRUE ANOMALY AT GIVEN RADIUS 
TIME FROM PERIAPSIS TO RADIUS 
VELOCITY AT GIVEN RADIUS 
HYPERBOLIC EXCESS VELOCITY 
SPEED AT GIVEN RADIUS 
POSITION VECTOR AT GIVEN RADIUS 
POSITION VECTOR AT GIVEN RADIUS 
VELOCITY VECTOR A T  GIVEN RADIUS 
JULIAN DATE OF I N I T I A L  TRAJECTORY TIME 
JULIAN DATE O F  F INAL TRAJECTORY TIME 
INDEX 
DAY OF CALENDAR DATE OF F INAL TRAJECTORY TIME 
HOUR OF CALENDAR DATE OF F INAL  TRAJECTORY TIME 
MINUTE OF CALENDAR DATE O F  F INAL TRAJECTORY 
TIME 
MONTH OF CALENDAR DATE OF F INAL TRAJECTORY 
TIME 
INTERNAL CODE 
CODE NUMBER OF PLANET 
YEAR OF CALENDAR DATE OF F INAL TRAJECTORY TIME 
INDEX 
DAY OF CALENDAR DATE OF I N I T I A L  TIME 
HOUR OF CALENDAR DATE OF I N I T I A L  TIME 
MINUTE OF CALENDAR DATE OF I N I T I A L  TIME 
MONTH OF CALENDAR DATE OF I N I T I A L  TIME 
YEAR OF CALENDAR DATE OF I N I T I A L  TIME 
SECOND O F  CALENDAR DATE OF FINAL TIME 
SECOND OF CALENDAR DATE OF I N I T I A L  TIME 
INTERMEDIATE VARIABLE 
INTERMEDIATE VARIABLE 








I I P  
I J  
IJP  
I P  
I P I  
I P I P  
IPJP 
I P P l  












T 1  
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DIMENSION OF A 
KR + 1 




LARGEST OFF-DIAGONAL ELEMENT 
INTERMEDIATE VARIABLE 
SEMI-MAJOR AXIS OF HELIOCENTRIC ELLIPSE 
ECCENTRICITY OF HELIOCENTRIC ELLIPSE 
GRAVITATIONAL CONSTANT O F  SUN 
F L A G  INDICATING WHETHER ITERATION PROCESS 
CONVERGED OR FAILED 
FLAG SPECIFYING WHETHER P S I  I S  LESS THAN 180 
SEMI-LATUS RECTUM OF HELIOCENTRIC ELLIPSE 
TRANSFER ANGLE 
HELIOCENTRIC LAUNCH PLANET RADIUS 
TIME OF FLIGHT 
TRUE ANOMALY AT LAUNCH 
TRUE ANOMALY AT ARRIVAL 
DEGREES OR IS GREATER THAN 180 DEGRESS 
HELIOCENTRIC TARGET PLANET RADIUS 







I J  
I K  
I L  
IOFF 
I X  
I X L  
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M I X 1  
M I X J  


































S I M l  
STM 
m-. INDEX I 
J -- INDEX 
VARIABLES 
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RPER a- ALTERED POSITION AND VELOCITY OF VEHICLE 






















































TEMPORARY STORAGE LOCATION FOR GRAVITATIONAL 
CONSTANTS OF SUN AND TARGET PLANET 








DIMENSION OF P 
INTERMEDIATE ARRAY 
TEMPORARY STORAGE FOR FACP 
TEMPORARY STORAGE FOR FACV 
INDEX 
INDEX 
INTERMEDIATE STORAGE FOR IPRINT 
INDEX 
INDEX 
POSITION AND VELOCITY OF VEHICLE AT INITIAL 
TIME 
TEMPORARY STORAGE FOR ACC 
ALTERED POSITION AND VELOCITY OF VEHICLE AT 
INITIAL TIME 
ALTERED POSITION AND VELOCITY OF VEHICLE AT 
FINAL TIME 
ANGLE OF FIRST BURN 










C C L  




C C R M l  
C C R l  
CCTAl 
C C V M l  
CCVL 
ccw 
C I  






























CONVERSION UNIT FROM KM TO ASTRONOMICAL 
UNITS 
CONVERSION UNIT FROM KM/SEC TO AU/DAY 
CONVERSION UNIT FROM KM TO AU 
AZIMUTH ANGLE AT INJECTION 
HELIOCENTRIC SEMI-MAJOR AXIS 
HELIOCENTRIC ECCENTRICITY 
ECCENTRIC ANOMALY ON YELIOCENTRIC ELLIPSE 
AT LAUNCH 
HELIOCENTRIC INCLINATION 
HELIOCENTRIC LONGITUDE OF ASCENDING NODE 
MEAN ANOMALY ON HELIOCENTRIC ELLIPSE AT 
LAUNCH 
NORMAL TO HELIOCENTRIC PLANE 
HELIOCENTRIC SEMI-LATUS RECTUM 
HELIOCENTRIC CENTRAL ANGLE 
MAGNITUDE OF HELIOCENTRIC RADIUS AT LAUNCH 
HELIOCENTRIC RADIUS VECTOR AT LAUNCH (AU) 
TRUE ANOMALY ON HELIOCENTRIC ELLIPSE AT 
LAUNCH 
MAGNITUDE OF HELIOCENTRIC VELOCITY AT 
HELIOCENTRIC VELOCITY VECTOR AT LAUNCH 
HELIOCENTRIC ARGUMENT OF PERIAPSIS 
COSINE OF INCLINATXON (OF EQUATOR W.R,T. 
ECLIPTIC)  
COSINE OF LONGITUDE OF ASCENDING NODE 
(OF EQUATOR W*R*T* ECLIPTIC)  
CONVERSION UNIT FROM KM/SEC TO AU/DAY 
ENERGY MEASURE 
AZIMUTH ANGLE AT LAUNCH 
LAUNCH ( AUIDAY 1 
AU/DAY 1 
GRAVITATIONAL CONSTANT OF LAUNCH PLANET 
JULIAN DATE OF LAUNCH (IF JINJT=OP OUTPUT 
INCLINATION OF EQUATOR W*R*T* ECLIPTIC 
I S  INJECTION TIME) 
LATITUDE OF LAUNCH S ITE 
LONGITUDE OF LAUNCH S I T E  
LONGITUDE OF ASCENDING NODE OF EQUATOR 
NORMAL VECTOR TO LAUNCH-PLANET-PHASE ORBIT 
(EQUATORIAL COORDINATES) 
POSITION OF LAUNCH PLANET AT LAUNCH (HELIO- 
CENTRIC ECLIPTIC COORDINATES) 
SPHERE OF INFLUENCE OF LAUNCH PLANET (KM) 
VELOCITY OF LAUNCH PLANET AT LAUNCH 
(HELIOCENTRIC ECLIPTIC COORDINATES) 
EQUATOR 
DECLINATION OF INCOMING ASYMPTOTE AT TARGET 
TRANSFORMATION MATRIX FROM ECLIPTIC TO 
EQUATORIAL COORDINATES 
LAUNCH PLANET HYPERBOLA SIMI-MAJOR AXIS 
W*R*T* ECLIPTIC 
DECLINATION OF DEPARTURE ASYMPTOTE W*R*T* 
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LAUNCH PLANET HYPERBOLA ECCENTRICITY 
EQUATOR 1 
LAUNCH PLANET HYPERBOLA LONGITUDE OF 
ASCENDING NODE 
LAUNCH PLANET HYPERBOLA NORMAL VECTOR 
(EQUATORIAL COORDINATES) 
LAUNCH PLANET HYPERBOLA SEMI-LATUS RECTUM 
ALUNCH PLANET HYPERBOLA P-VECTOR (UNIT VECTOR 
TOWARDS PERIAPSIS) 
LAUNCH PLANET HYPERBOLA Q-VECTOR (UNIT VECTOR 
NORMAL TO P-VECTOR) 
INJECTION POSITION VECTOR (LAUNCH PLANET 
ECLIPTIC 1 
POSITION VECTOR AT INJECTION (LAUNCH PLANET 
EQUATORIAL) 
(LAUNCH PLANET EQUATORIAL) 
POSITION VECTOR AT INJECTION (LAUNCH 
PLANET ECLIPTIC)  
(LAUNCH PLANET EQUATORIAL) 
TRUE ANOMALY ALONG LAUNCH PLANET HYPERBOLA 
AT INJECTION 
TRUE ANOMALY ALONG LAUNCH PLANET HYPERBOLA 
AT INJECTION (SHOULD EQUAL HHTA) 
TIME FROM PERIAPSIS TO INJECTION ALONG 
HYPERBOLA 
DECLINATION OF DEPARTURE ASYMPTOTE (ECLYPTIC 
COORDINATES) 
DEPARTURE ASYMTOTE (VELOCITY) I N  EQUATORIAL 
COORDINATES 
VECTOR POSITION AT INJECTION (LAUNCH PLANET 
ECLIPTIC 1 
VECTOR POSITION AT SPHERE OF INFLUENCE 
(LAUNCH PLANET EQUATORIAL) 
RIGHT ASCENSION OF DEPARTURE ASYMPTOTE 
(ECLIPTIC COORDINATES) 
VELOCITY VECTOR AT XNJECTION (LAUNCH PLANET 
ECLIPTIC)  
VELOCITY VECTOR AT SPHERE OF INFLUENCE 
LAUNCH PLANET ECLIPTIC 
ARGUMENT OF PERIAPSIS ON HYPERBOLA 
FLAG IND~CATING WHETHER DEPARTURE OR A R R I V A L -  
ASYMPTOTE ELEMENTS ARE BEING COMPUTED 
F L A G  INDICATING WHETHER BIASED ( J C 3 = 1 )  OR 
UNBIASED (JC3=0) CONDITIONS ARE GENERATED 
F L A G  INDICATING WHETHER INJECTION TIME I S  
UPDATED (J INJTZO) OR NOT ( J I N J T = I )  
FLAG INDICATING HETHER CONVERGENCE OCCURRED 
LOC LESS THAN 4rOR NOTBLOC GREATER THAN 4 
INDEX SPECIFYING LAUNCH PLANET 
YEAR~MONTH~DAY~HOUR~MINUTE OF LAUNCH 
LAUNCH PLANET HYPERBOLA INCLINATION(W*R.T. 
POSITION VECTOR AT SPHERE OF INFLUENCE 
POSITION VECTOR AT SPHERE OF INFLUENCE 
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INDEX SPECIFYING TARGET PLANET 
YEARIMONTHIDAY~HOUR,MINUTE OF ENCOUNTER 
FLAG SET TO 1 FOR CCPSI BETWEEN 0 AND 180  
DEGREES, SET TO 2 FOR CCPSI BETWEEN 180 AND 
360 DEGREES 
INJECTION LATITUDE 
CONSTANT = 3,141591 
PARKING ORBIT RADIUS 
INJECTION PATH ANGLE 
INTERMEDIATE VARIABLE 
INTERMEDIATE VARIABLE 
CONVERSION UNIT FROM DEGREES TO RADIANS 
INJECTION RIGHT ASCENSION 
RIGHT ASCENSION OF DEPARTURE HYPERBOLA 
(LAUNCH PLANET EQUATORIAL) 
RIGHT ASCENSION OF A R R I V A L  HYPERBOLA (TARGET 
PLANET ECLIPTIC)  
INJECTION RADIUS 
HELIOCENTRIC RADIUS OF LAUNCH PLANET AT 
I N I T I A L  TIME (AU) 
ROTATIONAL RATE OF LAUNCH PLANET 
HELIOCENTRIC RADIUS OF TARGET PLANET AT 
FINAL TIME (AU) 
EXCESS VELOCITY AT TARGET PLANET 
SECONDS OF LAUNCH DATE) 
ECLIPTIC 
STORAGE FOR J C 3  
SINE OF LONGITUDE O F  ASCENDING NODE O F  
EQUATORIAL W*R.To ECLIPTIC 
STORAGE FOR RL  
STORAGE FOR CCTAl 
STORAGE FOR X L  
TIME FROM LAUNCH TO INJECTION 
COAST TIME I N  PARKING ORBIT 
TOTAL FLIGHT TIME FOR HELIOCENTRIC TRANSFER 
INJECTION LONGITUDE 
TIME (SEC) OF FIRST BURN 
TIME (SEC) OF SECOND BURN 
TIME (HOURS) OR DATE OF INJECTION 
JULIAN DATE OF ENCOUNTER 
NORMAL TO PLANE AT TARGET PLANET (TARGET 
PLANET ECLIPTIC)  
POSITION VECTOR AT ARRIVAL AT TARGET PLANET 
VELOCITY VECTOR AT ARRIVAL AT TARGET PLANET 
(TARGET PLANET ECLIPTIC)  
MAGNITUDE OF DEPARTURE ASYMPTOTE VELOCITY 
MAGNITUDE OF A R R I V A L  ASYMPTOTE VELOCITY 
TRUE ANOMALY OF HELIOCENTRIC ORBIT AT LAUNCH 
TRUE ANOMALY OF HELIOCENTRIC ORBIT AT 
ENCOUNTER 
SINE OF INCLINATION OF EQUATORIAL WORITO 
GRAVITATIONAL CONSTANT OF SUN 
SECONDS OF TARGET DATE 





































STATE (POSITIONPVELOCITY) OF LAUNCH PLANET 
STATE (POSITIONPVELOCITY) OF TARGET PLANET 
AT ENCOUNTER (HELIOCENTRIC ECLIPTIC) 
AT LAUNCH (HELIOCENTRIC ECLIPTIC) 
TEMPORARY STORAGE FOR ACC 






TEMPORARY STORAGE FOR NBOD 
TEMPORARY VECTOR FOR NE3 
DISTANCE OF VEHICLE FROM TARGET PLANET AT 
SPHERE OF INFLUENCE OR CLOSEST APPROACH 
TEMPORARY STORAGE FOR GRAVITATIONAL CONSTANT 
OF SUN 
TEMPORARY STORAGE FOR INCLINATION CONSTANTS 
O F  TARGET PLANET 
SAME COMMENTS AS SAVE10 
SAME COMMENTS AS SAVE10 
SAME COMMENTS AS SAVE10 
TEMPORARY STORAGE FOR GRAVITATIONAL CONSTANT 
OF TARGET PLANET 
TEMPORARY STORAGE FOR CONSTANTS OF SEMI- 
MAJOR AXIS OF TARGET PLANET 
SAME COMMENTS AS SAVE3 
TEMPORARY STORAGE FOR ECCENTRICITY CONSTANTS 
OF TARGET PLANET 
SAME COMMENTS AS SAVE5 
SAME COMMENTS AS SAVES 
SAME COMMENTS AS SAVE5 
MAGNITUDE O F  VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET AT SPHERE OF INFLUENCE OR 
CLOSEST APPROACH 
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TWICE THE MATHEMATICAL CONSTANT PI 
INJECTION AZIMUTH 
ENERGY OF HYPERBOLIC ORBIT 
SEIM-MAJOR AXIS OF HELIOCENTRIC CONIC 
HELIOCENTRIC ECCENTRICITY 
INCLINATION OF HELIOCENTRIC CONIC 
CENTRAL ANGLE OF HELIOCENTRIC CONIC 
I N I T I A L  TIME 
TRUE ANOMALY ON HELIOCENTRIC CONI!: AT 
TRUE ANOMALY ON HELIOCENTRIC CONIC AT 
FINAL TIME 
HELIOCENTRIC SPEED OF LAUNCH PLANET AT 
I N I T I A L  TIME 
LAUNCH AZIMUTH 
HELIOCENTRIC DISTANCE TO LAUNCH PLANET AT 
I N I T I A L  TIME 
SPEED ON HELIOCENTRIC CONIC AT I N I T I A L  TIME 
DECLINATION OF HHVM2 
DECLINATION OF VHP 
ECCENTRICITY OF HYPERBOLA 
HYPERBOLIC EXCESS VELOCITY AT LAUNCH PLANET 
INJECTION VELOCITY 
YEAR-MONTH-DAY-HOUR-MIN OF I N I T I A L  TIME 
YEAR-MONTH-DAY-HOUR-MIN OF FINAL TIME 
INJECTION LATITUDE 
INJECTION RIGHT ASCENSION 
RIGHT ASCENSION OF HHVM2 
RIGHT ASCENSION OF VHP 
INJECTION RADIUS 




TIME OF INJECTION ON LAUNCH DATE (HOURS) 
TIME OF LAUNCH ON LAUNCH DATE (HOURS) 
HELIOCENTRIC DISTANCE TO TARGET PLANET AT 
FINAL TIME 
HELIOCENTRIC SPEED OF TARGET PLANET AT F INAL 
TRAJECTORY PATH ANGLE 
TIME 
HYPERBOLIC EXCESS VELOCITY AT TARGET PLANET 
STATE OF LAUNCH PLANET AT I N I T I A L  DATE 
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IMPACT PLANE PARAMETER 
IMPACT PLANE PARAMETER 
INCLINATION AT CLOSEST APPROACH 
DATE OF INJECTION (YEAR, MONTH? DAYI HOUR, 
DATE AT SPHERE OF INFLUENCE (YEAR, MONTHI 
DAYI HOUR, MINUTE) 
DATE AT CLOSEST APPROACH (YEARt NONTHI DAYI 
HOURi MINUTE) 
TARGETING OPTION F L A G  
MAXIMUM ALLOWABLE ITERATIONS AT FINAL LEVEL 
POSITION MAGNITUDE 
RADIUS AT CLOSEST APPROACH 
POSITION VECTOR (HELIOCENTRIC ECLIPTIC)  
DATE OF INJECTION (SECONDS) 
DATE AT SPHERE OF INFLUENCE (SECONDS) 
ACCEPTABLE TOLERANCES ON TARGET CONSTRAINTS 
SAME As TOL l  
SAME AS TOb2 
SPEED 
VELOCITY VECTOR (HELIOCENTRIC ECLIPTIC) 
NORMAL TO PLANE 
GRAVITATIONAL CONSTANT OF SUN 
MINUTE) 
INJECTION OPTION FLAG 
INDICES OF GRAVITATIONAL BODIES 
DATE AT CLOSEST APPROACH (SECONDS) 
INTERMEDIATE VARIABLE 
PARTIAL OF B DOT R WITH RESPECT TO STATE 
VECTOR 





CUBE O F  UV 
SQUARE OF U 
INTERMEDIATE VARIABLE 
SQUARE O F  MAGNITUDE OF VELOCITY 
MAGNITUDE OF VELOCITY 
JULIAN DATE, EPOCH dAN.0, 1900, OF I N I T I A L  
TIME 











' + l e  PECEQ 
VARIABLES .... 



























TEMPORARY STORAGE FOR STATE TRANSITION MATRIX 
GRAVITATIONAL CONSTANT OF GOVERNING BODY 
INDEX 
CODE OF PLANET 
INDEX 
INDEX 
DISTANCE FROM SPECIFIED PLANET 
POSITION OF VEHICLE RELATIVE TO SPECIFIED 
PLANET 
VELOCITY OF VEHICLE RELATIVE TO SPECIFIED 
PLANET 
ACCURACY LEVELS 
FINAL ACCURACY LEVEL 
JULIAN DATE (REFERENCED TO 1900) 
DAYS BETWEEN PRINTOUTS I N  F INAL INTEGRATION 
TRANSFORMATION MATRIX 
I N  F INAL IN?EGRATION 
NUMBER OF ACCURACY LEVELS I N  TARGETING SCHEOULE 
NUMBER OF ITERATIONS MADE AT INTERMEDIATE 
ACCURACY LEVELS 
NUMBER OF GRAVITATIONAL BODIES 
INDEX OF PLANET 
THE INCLINATION O F  THE ORBITAL PLANE TO THE 
ECLIPTIC 
THE LONGITUDE OF THE ASCENDING NODE OF THE 
ORBITAL PLANE TO THE ECLIPTIC 
INTEGRATION INCREMENTS BETWEEN PRINTOUTS 
INJECTION STATE (POSITION AND VELOCITY VECTORS) 
HELIOCENTRIC CENTRAL ANGLE 
INCLINATION OF HELIOCENTRIC PLANE 
NORMAL TO HELIOCENTRIC PLANE 
LONGITUDE OF HELIOCENTRIC PLANE 
FLAG, NTYS=l FOR HCA BETWEEN 0 AND 180 
OEGREES - - -- 
NTYS=2 FOR HCA BETWEEN 180 AND 
360 DEGREES 
I N I T I A L  STATE (POSITIONIVELOCITY) OF LAUNCH 
PLANET 
FINAL STATE OF TARGET PLANET 
* 
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INDEX 




ALTERED FINAL POSITION AND VELOCITY OF 
VEHICLE 
TEMPORARY STORAGE FOR CONSTANTS OF AUGMENTED 
ELEMENTS OF TARGET PLANET 
SAME COMMENTS AS SAVE1 
SAME COMMENTS AS SAVE1 
SAME COMMENTS AS SAVE1 
TEMPORARY LOCATION OF AUGMENTED PORTION OF 




ARGUMENT OF PERIAPSIS 
INCLINATION 
THE INCLINATION OF THE PLANET EQUATION TO 
THE ORBITAL PLANE 
THE LONGITUDE OF THE ASCENDING NODE OF THE 
PLANET EQUATOR TO THE ORBITAL PLANE 
LONGITUDE OF ASCENDING NODE 
COVARIANCE OF UNCERTAINTIES I N  B DOT T AND 
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TRAJCD 
T R J  
VM 


























L INE COUNT 
MAXIMUM NUMBER OF LINES PER PAGE 
ITERMEDIATE ARRAY 
TEMPORARY STORAGE FOR,P 
POSITXON AND VELOCITY OF VEHICLE AT TIME OF 
PREDICTION EVENT 
CORRELATION COEFFICIENT MATRIX 
PREDICTION TIME 
INTERMEDIATE VECTOR 
COVARIANCE OF UNCERTAINTIES I N  B DOT T AND 













L I N E  COUNT 
MAXIMUM NUMBER O F  LINES PER PAGE 
INTERMEDIATE ARRAY 
TEMPORARY STORAGE FOR P 
POSITION AND VELOCITY OF VEHICLE ON ORIGINAL 
NOMINAL AT TIME OF PREDICTION EVENT 
POSITION AND VELOCITY OF VEHICLE ON MOST 
RECENT NOMINAL AT TIME OF PREDICTION EVENT 
POSITION AND VELOCITY OF VEHICLE ON ACTUAL 
TRAJECTORY AT TIME OF PREDICTION EVENT * 
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VARIABLES "- D 1  
"I) D2 
03 -c 
CORRELATION COEFFICIENT MATRIX 
POSITION AND VELOCITY OF VEHICLE ON ACTUAL 




JULIAN DATE OF FINAL TIME 
INDEX 
DAY OF CALENDAR DATE O F  F INAL TIME 
HOUR OF CALENDAR DATE OF FINAL TIME 
TOTAL INCREMENTS 
CODE OF PLANET 
YEAR OF CALENDAR DATE OF FINAL TIME 
INQEX 
INDEX 
MONTH OF CALENDAR DATE O F  F INAL TIME 
INDEX 
HELIOCENTRIC RADIUS OF VEHICLE 
HELIOCENTRIC RADIUS OF VIRTUAL MASS 
SECONDS OF CALENDAR DATE OF FINAL TIME 
POSITION AND VELOCITY OF VIRTUAL MASS RELATIVE 
TO PLANETS 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
VIRTUAL MASS 
MAGNITUDE OF VELOCITY OF PLANET 
MAGNITUDE OF VELOCITY OF VEHICLE 
MAGNITIDE O F  VELOCITY OF VEHICLE RELATIVE TO 
PLANET 
MAGNITUDE OF VELOCITY OF VIRTUAL MASS 
MINUTES OF CALENDAR DATE OF FINAL TIME 
HELIOCENTRIC RADIUS OF PLANET 
JULIAN DATE, EPOCH JANeOv 1900~ OF I N I T I A L  
TRAJECTORY TIME 
JULIAN DATE, EPOCH J A N ~ O P  1900, OF FINAL 
TRAJECTORY TIME 
JULIAN DATE OF I N I T I A L  TRAJECTORY TIME * 
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T I M  
VM 
0- JULIAN DATE OF FINAL TRAJECTORY TIME -- INDEX 
-* CALENDAR DAY OF FINAL TIME -- CALENDAR HOUR OF FINAL TIME -- CALENDAR MINUTE OF F INAL TIME -- CALENDAR MONTH OF F INAL  TIME -- CALENDAR YEAR OF FINAL TIME ..- CALENDAR DAY OF I N I T I A L  TIME -- CALENDAR HOUR OF I N I T I A L  TIME -- CALENDAR MINUTE OF I N I T I A L  TIME 
-0 CALENDAR MONTH OF I N l T I A L  TIME 
CALENDAR YEAR OF I N I T I A L  TIME 
am MAXIMUM NUMBER OF LINES PER PAGE - -- POSITION AkD VELOCITY OF VEHICLE AT I N I T I A L  
0- HELIOCENTRIC RADIUS OF VEHICLE AT F INAL TIME -- HELIOCENTRIC RADIUS OF VEHICLE AT I N I T I A L  
TIME 
TIME -- CALENDAR SECONDS OF FINAL TIME 
CALENDAR SECONDS OF I N I T I A L  TIME -- FINAL TRAJECTORY TIME -- POAITION AND VELOCITY OF VEHICLE RELATIVE TO -- MAGNITUDE O F  VELOCITY OF VEHICLE AT F INAL 
a- MAGNITUDE OF VELOCITY OF VEHICLE AT I k I T I A L  
-- POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH AT F INAL TIME 
TIME 
TIME 
TARGET PLANET AT F INAL  TIME 
VARIA6LES 
w a  D 
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lDAY -.* 
IHR 
I M I N  *- 






. L I  
a w  
*W 
INTERMEDIATE DATE 
JULIAN DATE, EPOCH JAN.Ot1900, OF I N I T I A L  
TRAJECTORY TIME 
JULIAN DATE, EPOCH J A N e O t 1 9 0 0 ~  OF F INAL TIME 
JULIAN DATE OF I N I T I A L  TIME 
JULIAN DATE OF F INAL TIME 
INDEX 
STATION NUMBER 
CALENDAR DAY OF F INAL TIME 
CALENDAR HOUR OF F INAL  TIME 
CALENDAR MINUTE OF F INAL  TIME 
CALENDAR MONTH OF F INAL  TIME 
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VM 
ADON -- 


















I M I N  -- 
I M O  e- 
ITEMP -- 
I Y R  CI 
J -.. 
CALENDAR YEAR O F  F INAL TIME 
INDEX 
CALENDAR DAY OF I N I T I A L  TIME 
CALENDAR HOUR OF I N I T I A L  TIME 
L I N E  COUNT 
CALENDAR MINUTES OF I N I T I A L  TIME 
CALENDAR MONTH OF I N I T I A L  TIME 
CALENDAR YEAR OF I N I T I A L  TIME 
NUMBER OF MEASUREMENT 
MAXIMUM NUMBER O F  LINES PER PAGE 
GEOCENTRIC RADIUS OF VEHICLE 
DISTANCE OF VEHICLE FROM TARGET PLANET 
CALENDAR SECONDS OF FINAL TIME 
CALENDAR SECONDS OF I N I T I A L  TIME 
TRAJECTORY TIME AT END OF INTERVAL 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
EARTH 
MAGNITUDE OF VELOCITY O F  VEHICLE RELATIVE TO 
TARGET PLANET 
ACTUAL DEVIATION OF STATE VECTOR FROM ORIGINAL 
NOMINAL 
ACTUAL ORBIT DETERMINATION INACCURACY 
INTERMEDIATE DATE 
JULIAN DATE, EPOCH JAN.Oe1900~ OF I N I T I A L  TIME 
JULIAN DATE, EPOCH J A N . 0 ~ 1 9 0 0 ~  OF FINAL TIME 
JULIAN DATE OF I N I T I A L  TIME 
SULIAN DATE OF FINAL TIME 





CALENDAR DAY OF F INAL TIME 
CALENDAR HOUR OF FINAL TIME 
CALENDAR MINUTES OF F INAL TIME 
CALENDAR MONTH OF F INAL TIME 
INTERMEDIATE VARIABLE 

































CALENDAR DAY OF I N I T I A L  TIME 
CALENDAR HOURS OF I N I T I A L  -TIME 
LINE COUNT 
CALENDAR MINUTES OF F INAL TIME 
CALENDAR MONTH OF FINAL TIME 
CALENDAR YEAR OF F INAL TIME 
NUMBER OF MEASUREMENT 
MAXIMUM NUMBER OF L INES PER PAGE 
DISTANCE OF VEHICLE FROM EARTH ON ORLGINAL 
NOMINAL 
DISTANCE O F  VEHICLE FROM EARTH ON MOST RECENT 
NOMINAL 
DISTANCE OF VEHICLE FROM EARTH ON ACTUAL 
TRAJECTORY 
DISTANCE OF VEHICLE FROM TARGET PLANET ON 
ORIGINAL NOMINAL 
DISTANCE OF VEHICLE FROM TARGET PLANET ON 
MOST RECENT NOMINAL 
DISTANCE OF VEHICLE FROM TARGET PLANET ON 
ACTUAL TRAJECTORY 
CALENDAR SECONDS OF F INAL TIME 
CALENDAR SECONDS OF I N I T I A L  TIME 
TRAJECTORY TIME AT END OF INTERVAL 
VELOCITY OF VEHICLE RELATIVE TO EARTH ON 
ORIGINAL NOMINAL 
VELOCITY 0F.VEHICLE RELATIVE TO EARTH ON 
MOST RECENT NOMINAL 
VELOCITY OF VEHICLE RELATIVE TO EARTH ON 
ACTUAL TRAJECTORY 
VELOCITY OF VEHICLE RELATIVE TO TARGET PLANET 
ON ORIGINAL NOMINAL 
VELOCITY OF VEHICLE RELATIVE TO TARGET PLANET 
ON MOST RECENT NOMINAL 
VELOCITY OF VEHICLE RELATIVE TO TARGET PLANET 
ON ACTUAL TRAJECTORY 
POSITION AND VELOCITY OF EARTH 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON ORIGINAL NOMINAL 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON MOST RECENT NOMINAL 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON ACTUAL TRAJECTORY 
POITION AND VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET ON ORIGINAL NOMINAL 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET ON MOST RECENT NOMINAL 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
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MAX 
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VARIABLES 
CONST3 
JULIAN DATE# EPOCH JAN*011900, OF I N I T I A L  
TIME 
JULIAN DATE* EPOCH JAN, 0 ~ 1 9 0 0 ~  OF F INAL TIME 
JULIAN DATE OF I N I T I A L  TIME 
JULIAN DATE OF F INAL TIME 
INDEX 
CALENDAR HOUR OF FINAL TIME 
CALENDAR MINUTES OF FINAL TIME 
CALENOAR MONTH O F  F INAL TIME 
CALENDAR YEAR OF FINAL TIME 
INDEX 
INDEX 
CALENDAR DAY OF I N I T I A L  TIME 
CALENDAR HOUR OF I N I T I A L  TIME 
L I N E  COUNT 
CALENDAR MINUTES OF I N I T I A L  TIME 
CALENDAR MONTH OF I N I T I A L  TIME 
CALENDAR YEAR OF I N I T I A L  TIME 
MAXIMUM LINES PER PAGE 
POSITION AND VELOCITY OF VEHICLE AT I N I T I A L  
CALENDAR DAY OF FINAL TIME 
TIME 
HELIOCENTRIC RADIUS OF VEHICLE AT F INAL TIME 
HELIOCENTRIC RADIUS O F  VEHICLE AT I N I T I A L  
TIME 
CALENDAR SECONDS OF F INAL TIME 
CALENDAR SECONDS OF I N I T I A L  TIME 
POSITION AND VELOCITY OF VEHICLE RELATIVE 
TO EARTH AT FINAL TIME 
MAGNITUDE OF VELOCITY OF VEHICLE AT F INAL 
TIME 
MAGNITUDE OF VELOCITY OF VEHICLE AT I N I T I A L  
TIME 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET AT F INAL TIME 









S I  MCNT 
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W A Y  
IHR 
I M I N  
I M O  
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R I 1  
VARIABLES 
ACTUAL DEVIATION OF STATE VECTOR FROM ORIGINAL 
NOMINAL 
BLANK HOLLERITH CHARACTER 
JULIAN DATE, EPOCH JAN*0*1900, OF I N I T I A L  
TIME 
JULIAN DATE O F  I N I T I A L  TIME 
JULIAN DATE OF FINAL TIME 
ORIGINAL NOMINAL 
ACTUAL ORBIT DETERMINATION INACCURACY 
JULIAN DATE, EPOCH JAN.O,I~OO, OF FINAL TIME 
ESTIMATED DEVIATION OF STATE VECTOR FROM 
INDEX 
CALENDAR DAY OF FINAL TIME 
CALENDAR HOUR OF F INAL TIME 
CALENDAR MINUTES OF FINAL TIME 
CALENDAR MONTH O F  F INAL TIME 





CALENDAR DAY OF I N I T I A L  TIME 
CALENDAR HOURS OF I N I T I A L  TIME 
L I N E  COUNT 
CALENDAR MINUTES OF I N I T I A L  TIME 
CALENDAR MONTH OF I N I T I A L  TIME 
CALENDAR YEAR OF I N I T I A L  TIME 
MAXIMUM NUMBER OF LINES FER PAGE 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON ORIGINAL NOMINAL 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON MOST RECENT NOMINAL 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON ACTUAL TRAJECTORY 
POSITION AND VELOCITY O f  VEHICLE ON ORIGINAL 
NOMINAL AT INITIAL TIME 
POSITION AND VELOCITY OF VEHICLE ON MOST 






























GEOCENTRIC RADIUS OF VEHICLE AT I N I T I A L  TIME 
GEOCENTRIC RADIUS O F  VEHICLE ON ORIGINAL 
NOMINAL AT F INAL TIME 
GEOCENTRIC RADIUS OF VEHICLE ON MOST RECENT 
NOMINAL AT FINAL TIME 
GEOCENTRIC RADIUS OF VEHICLE ON ACTUAL 
TRAJECTORY AT FINAL TIME 
DISTANCE OF VEHICLE FROM TARGET PLANET AT 
I N I T I A L  TIME 
DISTANCE OF VEHICLE FROM TARGET PLANET ON 
ORIGINAL NOMINAL AT F INAL TIME 
DISTANCE OF VEHICLE FROM TARGET PLANET ON 
MOST RECENT NOMINAL AT F INAL TIME 
DISTANCE OF VEHICLE FROM TARGET PLANET ON 
ACTUAL TRAJECTORY AT FINAL TIME 
HELIOCENTRIC RADIUS O F  VEHICLE AT I N I T I A L '  TIME 
HELIOCENTRIC RADIUS OF VEHICLE AT FINAL TIME 
ON ORIGINAL NOMINAL 
HELIOCENTRIC RADIUS OF VEHICLE AT F INAL TIME 
ON MOST RECENT NOMINAL 
HELIOCENTRIC RAOIUS O F  VEHICLE AT F INAL TIME 
ON ACTUAL TRAJECTORY 
STATE OF VEHICLE RELATIVE TO TARGET PLANET 
AT F INAL TIME ON ORIGINAL NOMINAL 
STATE OF VEHICLE RELATIVE TO TARGET PLANET 
AT F INAL TIME ON MOST RECENT NOMINAL 
STATE OF VEHICLE RELATIVE TO TARGET PLANET 
AT F INAL TIME ON ACTUAL TRAJECTORY 
CALENDAR SECONDS AT FINAL TIME 
CALENDAR SECONDS AT I N I T I A L  TIME 
MAGNITUDE O F  VELOCITY OF VEHICLE RELATIVE TO 
EARTH AT I N I T I A L  TIME 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON ORIGINAL NOMINAL AT FINAL TIME 
MAGNITUDE O F  VELOCITY O F  VEHICLE RELATIVE TO 
EARTH ON MOST RECENT NOMINAL AT FINAL TIME 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
EARTH ON ACTUAL TRAJECTORY AT FINAL TIME 
TARGET PLANET AT I N I T I A L  TIME 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET ON ORIGINAL NOMINAL AT F INAL 
TIME 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE T6  
TARGET PLANET ON MOST RECENT NOMINAL AT FINAL 
TIME 
TARGET PLANET ON ACTUAL TRAJECTORY AT FINAL 
TIME 
MAGNITUDE OF VELOCITY OF VEHICLE AT I N I T I A L  
MAGNITUDE OF VELOCITY OF VEHICLE' RELATIVE TO 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
TIME 
MAGNITUDE OF VELOCITY OF VEHICLE AT F INAL 
TIME ON ORIGINAL NOMINAL 
MAGNITUDE O F  VELOCITY OF VEHICLE AT F INAL 
TIME ON MOST RECENT NOMINAL TRAJECTORY * 
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VMS3 -- MAGNITUDE OF VELOCITY OF VEHICLE AT F INAL 
















































INTERMEDIATE JULIAN DATE 
TIME INTERVAL I N  CORRECT UNITS 
TEMPORARY STORAGE FOR STATE TRANSITION MATRIX 
X NOEX 
INDEX 
DISTANCE OF THE VEHICLE FROM THE TARGET 
PLANET AT I N I T I A L  TIME 
POSITION OF VEHICLE RELATIVE TO GOVERNING 
BODY AT I N I T I A L  TIME 
CONSTANT EQUAL TO S IX  TIMES THE SPHERE OF 
INFLUENCE OF TARGET PLANET 
POSITION AND VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET A T  I N I T I A L  TIME 
VELOCITY OF VEHICLE RELATIVE TO GOVERNING 





L I N E  COUNT 
STATE OF VEHICLE AT TIME OF QUASI-LINEAR 
FILTERING EVENT ON ORIGINAL NOMINAL 
STATE OF VEHICLE AT TIME OF QUASI-LINEAR 
FILTERING EVENT ON MOST RECENT NOMIaAL 





R I 2  -.I) 
55, RNUM 











STATE OF VEHICLE AT TIME OF QUASI-LINEAR 
FILTERING EVENT ON ACTUAL TRAJECTORY 
CORRELATION COEFFICIENT MATRIX 
STATE O F  THE VEHICLE AT TIME O F  LAST 
MEASUREMENT OR EVENT ON ACTUAL TRAJECTORY 






RANDOM NUMBER FROM NORMAL DISTRIBUTION WITH 























I A  
18 
ICOOE 
CI SINE OF LATITUDE -- COSINE OF LATITUDE -- SINE OF LONGITUDE + CONSTANT ..- COSINE OF LONGITUDE + CONSTANT 
-0 SINE Of OBLIQUITY OF EARTH 
(I- COSINE O F  OBLIQUITY OF EARTH -. OMEGA I N  PROPER UNITS 
"I NUMBER OF CENTURIES 
L I  YEARS I N  PRESENT CENTURY 
0- INTERNAL CODE USED TO DETERMINE WHICH DATE 





I Q  
I R  
1s -0 
00 
0- I T  
I U  
I V  -Lo 







I. .." -... 

















A L  
A L A T  
ALON 
A 1  




















NUMBER OF MONTH (BASED ON MARCH AS NUMBER 0 )  
NUMBER OF YE 
NUMBER OF CE 
NUMBER OF YE 
BEGAN 
NUMBER OF LEAP YEARS I N  PRESENT CENTURY 
NUMBER OF YEARS SINCE LAST LEAP YEAR 
NUMBER OF DAYS I N  LAST YEAR 
INTERMEOIATE INTEGER 
INTERMEDIATE INTEGER 
NUMBER OF DAYS I N  JULIAN DATE 
JULIAN DATE 
FRACTIONAL PORTION OF DAY I N  JULIAN DATE 







PARTIAL OF RANGE WITH RESPECT TO X 
PARTIAL OF RANGE WITH RESPECT TO Y 
PARTIAL OF RANGE WITH RESPECT TO Z 
PARTIAL OF RANGE-RATE WITH RESPECT TO X 
PARTIAL OF RANGE-RATE WITH RESPECT TO Y 
PARTIAL OF RANGE-RATE WITH RESPECT TO 2 
COSINE OF OBLIQUITY OF EARTH 
COSINE OF ANGLE 1 
COSINE OF ANGLE 2 
COSINE OF ANGLE 3 
COSINE OF LONGITUDE + CONSTANT 
INTERMEDIATE DATE 
IMTERMEOIATE VARIABLE 
PARTIAL OF RAN WITH RESPECT TO ALTITUDE 
PARTIAL OF RAN WITH RESPECT TO LATITUDE 
PARTIAL OF RANGE WITH PECT TO LONGITUDE 
GEOCENTRIC EQUATORIAL RDINATES OF STATION 
GEOCENTRIC ECLIPTIC COORDINATES OF STATION 
CO.ORDINATES OF EARTH 
COORDINATES OF TARGET PLANET 
INDEX * 
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I A  











R 1  
R 2  
SE 
S I A L l  
S I  AL2 





5 2 1  























BDTl  -- 
01 
D S I l  -0 
I 
IPO 










RADIUS OF TARGET PLANET 
DISTANCE OF VEHICLE FROM TARGET PLANET 





SQUARE OF RANGE 
SINE OF OBLIQUITY OF EARTH 
SINE OF ANGLE 1 
SINE OF ANGLE 2 
SINE OF ANGLE 3 











COSINE OF OBLIQUITY O F  EARTH 
INTERMEDIATE VARIABLE 
OBLIQUITY O F  EARTH 
INTERNAL CODE 
SINE O F  OBLIQUITY OF EARTH 
TEMPORARY STORAGE FOR BDR 
TEMPORARY STORAGE FOR BOT 
TEMPORARY STORAGE FOR B 
TEMPORARY STORAGE FOR D S I  
INDEX 
TEMPORARY STORAGE FOR IPRINT 
TEMPORARY STORAGE FOR I S P 2  












M I %  
NAME 




T I M  
TRAdCD 
TRJ 








































ALTERED FINAL STATE O F  VEHICLE 
ALTERED I N I T I A L  STATE OF VEHICLE 
TEMPORARY STORAGE FOR BDR 
TEMPORARY STORAGE FOR BDT 
TEMPORARY STORAGE FOR B 
INDEX 
TEMPORARY STORAGE FOR IPRINT 
TEMPORARY STORAGE FOR I S P 2  
INDEX 
ALTERED FINAL STATE OF VEHICLE ON MOST RECENT 
NOM I NAL 
TEMPORARY STORAGE FOR R S I  
TEMPORARY STORAGE FOR TS1 
TEMPORARY STORAGE FOR VSI  







INTERMEDIATE INDEX * 
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I P 3  -'I 
J 













I M O  
I P  
































MAGNITUDE OF POSITION OF VEHICLE RELATIVE TO 
TARGET PLANET AT CLOSEST APPROACH 
I N I T I A L  RADIUS OF VEHICLE RELATIVE TO TARGET 
PLANET 




CP TIME USED AT BEGINNING O F  TRAJECTORY 
CP TIME USED AT END OF TRAJECTORY 
INTERMEDIATE VARIABLE 
PROPER UNITS 
MAGNITUDE OF VELOCITY OF VEHICLE RELATIVE TO 
TARGET PLANET AT CLOSEST APPROACH 
GRAVITATIONAL CONSTANT OF TARGET PLANET IN 
237 
V I I ,  PROGRAM L I S T I N G  
THIS CHAPTER CONTAINS A LISTING OF ALL SUBROUTINES DESCRIBED IN 
CHAPTER V I N  ADOlTION TO A L I S T I N G  OF THE MAIN PROGRAMS OF BOTH STEAP 
AND THAT USED FOR THE TARGETING MODE, 
238 
1000 















































FORMAT(//BX*TARGETING MODE IS NOT SUPPLIED WITH THIS DECK*) 
GO TO 500 
ERROR ANALYSIS MODE 











CALL TRAKM(RFrMMC0DE~NRrOIAY)  
CALL NAWM(NRp0) 
CALL PRINT3(MKODEvNR) 
DO 281 I=lr6 
XI(I)=XF(I1 
TRTMlZTRTM2 
GO TO 296 
ICODE=IEVNT(NEVENT) 
TEVN=TEV(NEVENT) 
GO TO (291r292r293)r ICOOE 
CALL EIGEN(R1rTEVN) 
GO TO 295 
CALL PRED(R1rTEVN) 
GO TO 295 
CALL GUIDM(RI*TEUN) 
NEWENT = NEVENT+l 
IFlTRTMlrGEeFNTM) GO TO 294 
IF(MCNTR.LEeNMN) GO TO 220 
IF(NEVENT.LE.NEV) GO TO 290 
XF ( I I =RF ( I 
CALL MENO(MMCODEIO) 
DELTM=FNTM-TRTMl 
DO 297 I=1v6 
RI(I)=XI(I) 
CALL NTM(RI~RFINTMCP~) 





































DO 331 I=lv6 
XF(I)=RF(I) 
DO 332 I=lrNDIM 
XFl(I)=XF(I) 
DO 333 I=lr6 
HFl(I)=RF(I) 
GO TO 350 
CALL NTM (HI1 I FiFl r NTMC 1 2 )  








DO 351 I=lr6 
KI2(I)=XIl(I)+AD€VX(I) 
DO 353 I-lrNDIM 
CALL N T M ( R I ~ P K F ~ ~ N T M C ~ ~ )  
DO 352 1=1t6 
Z(I)=KF2(1) 
CALL DYNO(1) 
DO 360 I=lv6 
AOEVX(I)=Z(I)+W(I)-XFl(I) 
CALL T R A K M ( R F ~ v M M C O D E ~ N R I ~ P E Y )  
DO 361 I=l@NDIF/I 
XF2(I)=XFl(I)+ADEVX(I) 
DO 363 I=lr6 
RF2(I)=XF2(1) 
CALL T R A K M ( H F ~ v M M C O D E ~ N R ~ ~ ~ A Y )  
CALL MENO(MMCODEV1) 
DO 362 I=l@NR 
CALL BIAS(MMCODEIBVAL) 
DO 370 I=lrNR 
AY(I)=AY(I)+A~OIS(I)+BVAL(I) 
DO 371 K=lrNR 
DO 371 I=lrNDIM 
DO 371 JZlrNDIM 
DO 372 I=l,NR 
HES(I)=AY(I)-EY(I) 
DO 373 I=lrNDIM 
DO 373 JEltNDIM 
DO 374 I=lrNOIM 
IF (NQEeNE.O) GO TO 340 
ZI(I)=XI~(I)+ADEVX(I) 
ANOIS(I)=RNUM(SQRT(AR(III))) 
EY(K)=EY(K)+H(KII)*PSI( I ,J)*EDEVX(J) 
RI1( I ) = O  e 
H I ~ ( ~ ) = R I ~ ( I ) + P S I ( ~ ~ J ) * E D E V X ~ J )  
EDEVX(I)=RIl(I) 
J=l v NR 
I)=EDEVX(I)+AK(IFJ)*RES(J) 
CALL PRINT4(MMCODErNR) 



























GO TO 400 
ICODE=IEVNT(NEVENT) 
TEVN=TEV(NEVENT) 
GO TO (391~392r393*394)~ ICOOE 
CALL EIGSIM(RIvTEVNvRI1) 
GO TO 395 
CALL PRESIM(RIrTEVNtRI1) 
GO TO 395 
CALL GUISIM(RIvTEVNtRI1) 
GO TO 395 
CALL QUASI(RIPTEVN~RIP) 
NEVEfUT=NEVENT+l 
IF(TKTM1rGEeFhTM) GO TO 440 
IF(MCNTR*LE*hPN) GO TO 320 
IF(NEVENTeLEeKEV) GO TO 390 
DELTM=FNTM-TRTMl 




DO 402 1=1t6 
XF(I)=RF(I) 
DO 403 I=lvNDIM 
XFl(1 )=XF (I 1 
DO 404 IGlt6 
RFl(I)=RF(I) 
GO TO 420 
CALL NTM(RIleRFlrNTMCt2) 
DO 411 I=lr6 




DO 421 I=lt6 
RI2(I)=XIl(I)+ADEVX(I) 
CALL NTM(RI2rRF2tNTMCt3) 
DO 422 I=lv6 
Z(I)=RF2(1) 
CALL DYNO(1) 
DO 430 I=lr6 
ADEVX(I)=Z(I)tW(I)-XFl(I) 
DO 431 I=~I,IWIM 
DO 431 J=ltNDIM 
DO 432 I=ltNDIM 
EDEVX(I)=DUM(I) 
CALL PRNTS4(RFtRFl) 
GO TO 500 
GO TO 10 
CALL EXIT 
END 
IF(N4EeNEeO) GO TO 410 































































THE LNTIRE INFUT REQUIRED BY THE TARGETING PROGRAM I S  SUPPLIED I N  
S I X  CARDS WITH EACH INDIVIDUAL CARD CONTAINING UNIFIED DATA. THE 
(SEQUENTIAL) CARDS AND THEIR REQUISITE FORMAT ARE LISTED BELOW. 
CARD 1 -- I D A T 1 ( 5 ) , S l r I D A T 2 ( 5 ) , S 2  
CARD 2 -- NBOUI NB(NE30D) 
FORMAT ( 1 2 t 3 X e l l I 5 )  
CARD 3 -- INJEK, RS(6)  
FORMAT (12,2X,3E15r8,3E10.3) 
CARD 4 -- I T A R G ,  T A R G l v  T A R G ~ P  TOLl r  TOL2, TOL3 
FORMAT ( 1 2 ~ 2 X ~ 5 F 1 5 r 5 )  
CARD 5 -- ISKEJ, AC(ISKEJ1 
CARD 6 -- hITS,  INCPR, TIMPR, BDELV 
FORMAT (15,413,F7.3,5X114,413rF7.J) 
FORMAT ( 1 2 ~ 6 X t 7 F 1 0 . 8 )  
FORMAT (12~7X~I5~5X1F9.4~Fl1.8) 
THE DEFINITIONS OF THE ABOVE DATA ARE SUMMARIZED BELOW. 
I D A T l v S l  - THE I N I T I A L  TIME. I D A T l  I S  A 5-VECTOR COMPOSED OF 
THE I N I T I A L  YEAR~MONTHPDAYPHOUR~AND MINUTE$ 5 1  DE- 
NOTES THE SECONDS. I F  INJEKEl ,  THIS TIME I S  SPECI- 
F I E D  ONLY TO THE DAY. I F  INJEKZE, THE TIME SHOULD 
BE PRESCRIBED TO THE NEAREST THOUSANDTH-SECOND. 
IDAT2tS2 . THE TARGET TIME. I F  1 T A R G = 1 ~ 2 ~ 5 r 6  THIS I S  THE TIME 
AT CLOSEST APPROACH OF THE TARGET PLANET, I F  ITARG 





I T A R G  
THE TARGET PLANET. -- THE NUMBER OF GRAVITATIONAL BODIES TO BE CONSIDERED 
-I A VECTOR OF DIMENSION NBOD SPECIFYING THE INDICES 
I N  THE INTEGRATION. 
OF THE GRAVITATIONAL BODIES* THE SECOND BORY I S  
ASSUMED TO BE THE LAUNCH PLANET, THE THIRD6 THE 
TARGET PLANET. THE NUMBERING SYSTEM ASSIGNS THE 
INDEX 1 TO THE SUN, 2 TO MERCURY@ 3 TO VENUS@ 4 TO 
EARTHI 5 TO MARSI 6 TO JUPITERe 7 TO SATURN, 8 TO 
EARTHS MOON. 
I S  TO BE USED. 
URANUS, 9 TO NEPTUNE, i o  TO PLUTO, AND ii TO THE 
-_ A FLAG DESIGNATING WHICH OF TWO INJECTION OPTIONS 
I F  INJEK = 1 - THE POINT-TO-POINT CONDITIONS 
ARE TO BE COMPUTED AND USED AS 
THE ZERO ITERATE INJECTION 
CONDITIONS. 
CONDITIONS ARE READ IN.  
= 2 - THE ZERO ITERATE INdECTION 
-" THE ZERO ITERATE INJECTION POSITION AND VELOCITY I N  
HELIOCENTRIC ECLIPTIC COORDINATES, I F  INJEK = l e  
THE CORRESPONDING COLUMNS ARE LEFT BLANK. 
TO BE I N  EFFECT, THE OPTIONS ARE 
_" A FLAG DESIGNATING WHICH OF S I X  TARGET OPTIONS ARE 
ITARG OPTION 
1 POINT-TO-POINT CONDITIONS 
2 PATCHED CONIC CONDITIONS (UNBIASED PTPI 
3 B.Tp BIRI APPROXIMATE T S I  





































5 APPROXIMATE RCAI I C A I  TCA 
6 EXACT RCAI I C A P  TCA 
TARG1, - TARGET PARAMETERS. THE PARAMETERS HAVE THE FOLLOW- 
TAR62 ING UEFINITIONS DEPENDING ON THE TARGET OPTION. 
1TARG T A R G l  TARG2 
l e 2  DO NOT APPLY 
5r6 INC (DEG) RCA (KM) 
3r 4 B e l  (KM) E3.R (KM) 
T O L l I  -- TARGET TOLERANCES. THE TOLERANCES SPECIFY THE ERROR 








THAT b I L L  BE ACCEPTABLE I N  THE TARGET PARAMETERS AC- 
CORDING T O  THE FOLLOWING SCHEME 
lTAHG T O L l  TOL2 TOL3 
l e 2  DO NOT APPLY 
3?4,5  6.T (KM)  BIR (KM) T S I  (DAYS) 
6 INC (DEG) RCA (KM) TCA (DAYS) 
1- A F L A G  DESIGNATING THE NUMBER OF ACCURACY LEVELS TO 
-_ A VECTOR OF DIMENSION ISKEJ WHOSE COMPONENTS ARE BE USED IN THE TARGETING PROCESS. 
THE PROGRESSIVE ACCURACY LEVELS FROM THE LOWEST TO 
THE DESIRED FINAL LEVEL. 
FINAL ACCURACY LEVEL. 
THE MAXIMUM NUMBER OF ITERATIONS ALLOWED A T  THE 
-- THE NUMBER OF INTEGRATION INCREMENTS BETWEEN EACH 
PRINTOUT OF TRAJECTORY INFORMATION I N  THE FINAL 
INTEGRATION OF THE TARGETED INJECTION CONDITIONS. 
e- THE NUMBER OF D A Y S  BETWEEN EACH PRINTOUT OF TRAJEC- 
TORY INFORMATION I N  THE FINAL INTEGRATION OF THE 
TARGLTED INJECTION CONDITIONS. _- THE BASIC VELOCITY INCREMENT BY WHICH THE NOMINAL 
VELOCITIES ARE PERTURBED I N  COMPUTING STATE TRANSI- 
TION MATRICES* I N  OUTER TARGETING THE VELOCITY 
TARGETING I T  I S  1 /10  AS LARGE. 
INCREMENT IS i o  TIMES GREATER, IN CLOSEST APPROACH 
C O M M O N / V ~ / N U O O ~ N ~ ( ~ ~ ) , N T P ~ A L N G T H , T M I D E L T P ~ I N P R ~ I P R O B ~ R C ( ~ ) ~ D C I  
B R S I ~ ~ ~ ~ V S I ~ ~ ~ ~ D S ~ ~ I S P H I R V S ~ ~ ~ ~ V M V , S B ~ S B D T ~ S ~ D ~ ~ D E L T H P T I M I N T P I N C M T ~  
B I E P H E M P I C L I I P R I N T I R E ( ~ ) ~ R T P ( ~ ) ~ I C L ~  
C O M M O N ~ B L K / T ~ P M A S S ( 1 l ~ ~ C N ( 8 O ~ ~ S T ( 5 O ~ ~ E M N ~ l ~ ~ ~ S M J R ~ l 8 ~  
COMMON /BLK/RADIUS( l l )  P H M A S S ( ~ ~ ) ~ N O ( ~ ~ ) I E L M N T ( ~ O ~ ~ S P H E R E ( ~ ~ ~ ~ X P ~ ~ ~  
DIMENSION IDAT1(5)rIDAT2(5)rIDAT3(5)rRS(6),R1(3)rVl(3)~P(3)~Q(3)~ 
1 W P T ( ~ ) ~ E C O P ( ~ , ~ ) ~ O P E Q ( ~ , ~ ) , E C E Q P ( ~ , ~ ) , E Q E C F ( ~ ~ ~ ) I R S F ( ~ ) ~ R S S ( ~ ) ~  
2 S R S ~ ~ ~ ~ T R G ~ ~ ~ ~ ~ T R G ~ ~ ~ ~ I T R G ~ ~ Y ) , Z ~ ~ ~ , P H I ~ ~ ~ ~ ~ ~ P S I ~ ~ ~ ~ ~ ~ R Q ~ ~ ~  













IEPHEM = 1 
IPRINT = 1 
TRTMzO 





HEAD (5e993) INJEKtRS 
W R I T E ( ~ P ~ ~ ~ ) I N J E K V R S  
READ ( ~ ~ ~ ~ ~ ) I T A R G ~ T A R G ~ , T A R G ~ , T O L ~ P T O L ~ , ~ O L ~  
~ R I T E ( ~ ~ ~ ~ ~ ) I T A R G P T A R G ~ ~ T A R G ~ ~ T O L ~ ~ T O L ~ ~ T O L ~  
READ (5,995)ISKEJpAC 
W H I T E ( 6 ~ 9 4 5 ) 1 S K E J ~ ( A C ( I ) , I = l r I S K E J )  
HEAD ( 5 ~ 9 9 6 ) N I T S * I N C P R r T I M P R , B D E L V  
WHITE(6 ,946)NITSt INCPReTIMPR,8DELV 
M I D I = l  





1 0  CONTINUE 
NLPENB ( 2  1 
NTPZNB ( 3 1 
TSPH=SPHEHE(NTP)*AUS 
lMU=PMASS(NTP)*(AUS**3/86400.**2) 
CALL T I M E ~ D l r I D A T 1 ~ 1 ~ ~ I f f A T l ~ 2 ~ r I D A T l ~ 3 ~ r I D A T 1 ( 4 ~ ~ I D A T l ~ 5 ~ ~ S l ~ O ~  




C A L L  PECEQ(NTPtD3tECEQP) 
DO 37 I = 1 ~ 3  
DO 37 J=lr3 
DO 6 I = l r 5  
53=52 




1 F ( N T P - 5 ) 8 ~ 9 ? 1 1  
GO TO 12 
GO TO 12 
12 CONTINUE 
4 DINCL=TARGl 
37 EQECP(ItJ)=ECEQP(J,I)  






I F ( N I T S ) 3 2 0 ~ 3 2 0 ~ 1 7  
17 CONTINUE 
ITIMZO 





I F ( I N J E K - l ) 3 4 ~ 1 5 r 3 4  
15 I F ( I T A R G - 5 ) 1 6 ~ 1 8 r 1 8  















21 GO TO (l,lr23,23,25,25),ITARG 
23 CALL CONIC(RSI,ISPHIVSIIVX,AIEIHIIHL,HWITA,P~Q,TMU,PERI,H~~WPT) 
VHE=SQRT(VX*VX-2r*TMU/TSPH) 
CTSE = lr/E*(HP/TSPH-l*) 
STSE = SQRT(l.-CTSE**2) 
OENE = PERI/TSPH*(lr+E) 
SFE = SQRT(E**2-lr)*STSE/DENE 
FE = ALOG(SFE+SQRT(SFE**2+1*)) 
D3=D2+TSICA/86400* 
TSICA = TMU/VHE*+3*(E*SFE-F€) 
CALL TIME(D3 ~ I D A T 3 1 1 ~ r I D A T 3 ~ 2 ~ ~ I D A T 3 ~ 3 ~ r I O A T 3 ~ ~ ~ r I D A T ~ ~ ~ ~ ~ S 3 v l ~  
ITIM=l 












CALL TIME(D1 ~ I O A T 1 ( 1 ) ~ I D A T 1 ( 2 ) ~ I D A T 1 ( 3 ) ~ 1 D A T l ~ ~ ~ ~ I D A T l  
CALL ORB(NLPtD1 1 
NO ( 11 =NLP 


































































00 54 I=1,3 





























































1 T R G ~ ( ~ ) ~ T A R G ~ P T A R G ~ ~ T A R G ~ ~ T I M I N T , T X M C P I N C M T  
670 IF(NOSOI)676~671~676 
671 IF(ABS(ERRlI-l00e)672~672~675 
672 IF (A l3S(ERR2~~100r )673 ,673r675  




GO TO 676 
C 












































GO TO 51 
PRERRZERROR 
SVl=RS (4) 
Sv2=HS ( 5 1 
SV3=HS (6 1 
END CHECK LOOP FOR BAD STEP 
F O R M A T ( ~ X ~ ~ H E R R O H = P E ~ ~ ~ ~ P ~ X ~ ~ H P R E R R = , E ~ ~ ~ ~ )  
RED= e 25 
83 IF(1STM)85~04~85 
84 ISTEPz1 





D V ~ = P H I ( ~ ~ ~ ) * O T ~ + P H I ( ~ P ~ ) * D T ~  
GO TO 88 
DV1=PSI(lrl)*DT~+PSI(1,2)*0T2+PSI(l~3~*DT3 
D V ~ = P S I ( ~ ~ ~ ) * O ' T ~ + P S I ( ~ ~ ~ ) * D T ~ + P S I ( ~ P ~ ) * D T ~  











102 DO 103 I=ir6 
103 RSS(I)=RS(I) 





































I S K E G 1  
LEVEL=l  
WRITE(6 r933)  
GO TO 50  
115 I F ( I L S 6 ) 1 2 0 ~ 1 1 6 r 1 2 0  
116 I L S 6 = 1  
00 117 I = l r 6  
117 R S ( I ) = S R S I I )  




L E V E G 1  
ACKZACC 
N I T R S W I T S  
ISTMZ1 
WRITE(6 t934)  
GO TO 50 
1 2 0  CONTINUE 
WRITE ( 6 ~ 9 8 0 )  
WRITE(6 r920)  
WRITE ( 6  e 921 1 
W R I T E ( ~ P ~ ~ ~ ) I U A T ~ P S ~  
WRITE(6r923)  
HSM=SQRT(HS(l)*RS(l)+RS(2)*RS(2)+RS(3)*RS(3)) 
VSM=SQRT(RS(Y) *RS(4 )+RS(5 ) *RS(5 )+RS(6 ) *RS(6 ) )  
W R I T E ( 6 t 9 2 4 ) ( R S ( I ) , I = 1 , J ) , R S M  
W R I T E ( 6 , 9 2 5 ) ( R S ( X ) ~ I = 4 t 6 ) r V S M  
3 1 *RC 
6 ) *RC 
C A L L  T I M E ~ D S I ~ I D A T ~ ~ 1 ~ ~ I D A T 2 ~ 2 ~ , J D A ~ 2 ~ ~ ~ ~ I D A T 2 ~ 4 ~ ~ I D A T 2 ~ 5 ~ ~ S 2 ~ 1 ~  
W R I T E ( ~ ~ ~ ~ ~ ) T R G ~ ( I S T E P ) ~ T R G ~ ( I S T E P ) ~ I D A T ~ P S ~  
GO TO 320 
C A L L  T I M E ( D C P I D A T ~ ( ~ ) ~ I D A T ~ ~ ~ ~ ~ I R A T ~ ( ~ ) , I D A T ~ ~ ~ ~ ~ I D A T ~ ~ ~ ~ ~ S ~ ~ ~ ~  
W R I T E ( ~ P ~ ~ ~ ) T A R G ~ P T A R G ~ ~ I D A T ~ ~ S ~  
WRITE(6 r912)  











GO TO 53 
SSPH=SPHERE(NTP) 






















VSPHERE (NTP 1 *AUS 
W R I T E ( ~ V ~ ~ O ) R P D C , V  
SVl=RS(4)  
SV2=HS (5 1 
SV3=iiS (6 1 












W R 1 T E ( 6 ~ 9 9 0 )  
GO TO 3 6  
125 CONTINUE 
GO TO 1 
9 0 1  FORMAT(/39Xv5OHI N T E R P L A N E T A R Y T R A J E C T 0 R Y )  
9 0 2  FORMAT(/47Xr34HT A R G E T I N G P R 0 G R A M )  
9 0 3  FORMAT(/// lOX~1OHINPUT DATA) 
. 9 0 6  FORMAT( lX t50HBAD STEP e * * * *  CORRECTION I S  REDUCED BY FACTOR OF 
3F4*3) 
B * 3 )  
911 F O R M A T ( ~ O X V ~ ~ H I N C L I N A T I O N = ~ F ~ . ~ ~ ~ X I ~ H R C A =  rE14*7 r5Xr4HTCA=*515rF9  
912 FORMAT(~~XI~~HINTEGHATED TRAJECTORY VALUES) 
9 2 0  FORMAT(/////lOXrl7HTARGETING SUMMARY) 
921 FORMAT(//1OXv20HINJECTION CONDITIONS) 
922 A T ( ~ ~ X P L ~ H C A L E N O A R  DATE=v515tF9*3)  
923 A T ( ~ ~ X P ~ ~ H H E L I O C E N T R I C  ECLIPT IC  COORDINATES) 
924 A T ~ 2 ~ X ~ 9 H P O S I T 1 0 N ~ r 3 ~ 2 X I E 1 8 . 1 1 ) , 2 X ~ l O H M A G N I T U D E ~ ~ 2 X ~ E l 8 ~ l l ~  
252 
925 F O R M A T ~ 2 0 X ~ 9 H V E L O C I T Y ~ , 3 O , 2 X ~ ~ O H M A G N I T U ~ E ~ ~ 2 X ~ E l 8 ~ 1 ~ ~  
926 F O R M A T ( ~ ~ X P ~ ~ H P L A N E T O C E N T R I C  ECLIPTIC COORDINATES) 
9 2 7  FORMAT(//lOXt17HTARGET CONDITIONS) 
9 2 8  FORMAT(15Xv17HTARGET PARAME7ERS) 
929 F O R M A T ~ 2 O X ~ 4 H B + T ~ ~ F 1 l r 2 r 5 X , 4 H B . H = , F l l ~ 2 ~ 5 X ~ 4 H T S I ~ ~ 5 I 5 ~ F 9 ~ 3 ~  
9 3 0  FORMAT( /~XI~~HOUTER TARGETING . * e o .  CLOSEST APPROACH=?E14*7rl2H m e  
B e e .  DATE=,Fl0.3t45H i ) e * * e  ARTIFICIAL SPHERE-OF-INFLUENCE RADIUS=, 
B E14.7) 
931 FORMAT(//lXt73HTARGETING AND CONSTRUCTION OF SPHERE-OF-INFLUENCE S 
932 F O R M A T ( / l X t  43HTARGETING TO SPHERE-OF-INFLUENCE CONDITIONS) 
933 FORMAT(/lX, 56HCONSTRUCTION OF CLOSEST-APPROACH STATE TRANSITION M 
9 3 4  FORMAT(/lX@4OHTARGETING TO CLOSEST-APPROACH CONDITIONS) 
STATE TRANSITION MATRIX) 
BATRIX) 
9 4 1  FORMAT( 20Xt15HINJECTION DATE=~15t413tF7.3 ,  9Xp12HTARGET DATE=vIS, 
B413tF7.3)  
9 4 2  FORMAT( 20X~5HN800=tI3~4X,7HBODIES=~llI3) 
9 4 3  FORMAT( ~ ~ X ~ ~ H I N J E K = ~ I ~ ~ ~ X ~ ~ H S T A T E = ~ ~ X I ~ ( F ~ ~ * ~ ~ ~ X ) I ~ ( F ~ ~ * ~ ~ ~ X ) )  
9 4 4  FORMAT(  2 0 X ~ 6 H I T A R G = ~ I 2 r 4 X ~ 8 H T A R G E T S = r 2 F 1 0 . 2 , 8 X t l l H T O L E R A N C E S = ~ 2 F l  
945 FORMAT( 2OX*6HISKEJ=, 1 2 r 4 X ~  16HACCURACY LEVELS=,6Elle2) 
9 4 6  FORMAT( 20X,5HNITS=rI3,4X,6HTNCPH=,I6t5X~6HTIMPR=,F8,3~5X,6HBDELV= 
950 F O R M A T ( / / ~ O H  L I s A ,  ~ X P ~ H X ~ ~ O X ~ ~ H Y P ~ O X ~ ~ H Z ~ ~ X ~ ~ O H T R A J E C T O R  
1 Y  TRAJECTORY TRAJECTORY TARGET TARGET TARGET TIME TOTAL 
~ X ~ ~ H T ~ I P ~ X , ~ ~ H B . T / I N C L  B * R / R C A TSI/TCA PER CP OF) 
951 FORMAT(lXp11HE E E C P ~ X ~ ~ H ~ ~ ~ ( ~ ~ X ~ ~ H O ) ~ ~ ( ~ X , ~ H O R ~ ~ ~ ~ X ~ ~ ~ H I N T E G  
2 TIME I N T E G P / I X ~ ~ ~ H L  R P Y ~ ~ X I ~ H T , ~ ( ~ O X I ~ H T ) ~ ~ X ~ ~ H ~ N C L ~ ~ X ~ ~ ~  
~ H C A P ~ X P ~ W T C A P ~ X ~ ~ ~ H S T A T E  TRANSITION MATRIX (SEC) (SEC) INCR) 
8 0 . 2 ~ 3 X t F 5 e 3 )  
8 ~ E 9 . 2 )  
2 N O P / ~ X P I O H V  T T C ~ ~ X ~ ~ H D I ~ O X ~ ~ H D ~ ~ O X ~ ~ H D , ~ X , ~ H B . T ~ ~ X , ~ H B ~ R ~ ~  
9 5 2  F ~ R M A T ~ 3 I 2 ~ E 9 ~ 2 ~ 3 F l l ~ 6 ~ 2 F l l ~ 2 ~ F ~ O ~ ~ ~ 2 F l l e 2 ~ F l O ~ ~ ~ F 6 ~ 2 ~ F 6 ~ l ~ I 6 ~  
953 FORMAT(3I2~E9~2~3Fll.6,2Fll~2~FlO~3~2X~3(E~.2tlX)) 
9 5 4  F O R M A T ( 3 I 2 ~ E 9 e 2 t 3 F l l . 6 r 2 F 1 1 e 2 , F 1 0 1 3 , 6 X ~ E 9 ~ 2 ~ 2 X t E 9 . 2 )  
973 FORMAT(1H 
982 FORMAT(lXt32HNUMERICAL DIFFERENCING PROCEDURE) 
990 FOKMAT(/lXt15HINNER TARGETING) 
992 FORMAT(12r3X11115) 
980  FORMA^ (1~1) 
991 F O R M A T ( I ~ P ~ I ~ P F ~ . ~ , ~ X , I ~ , ~ I ~ , F ~ ~ ~ )  
993 FORMAT(I2,2X,3E15,8,3ElO~3) 
9 9 4  F O R M A T ( I ~ P ~ X P ~ F ~ ~ * ~ )  
9 9 5  FORMkT(I2r6Xr7FlOe8)  





SUBROUTINE A U X ( W ~ E L A T I E L O N , A Z , P V I Q , T A I , A N G ~ ~ A N G ~ ~ T I M ~ ~ T I M ~ ~ S V E ?  
DIMENSION W(3),RL(Jl,PV(3)~Q(3),RI(3)rS(3) 















I F ( C H A ) ~ ~ P ~ ~ P ~ ~  
IF(SRA)12~13r13 
10 RALS = ATAN(SRA/CRA) 
11 RALS = P1/2e 
12 RALS = RALS + PI 
13 IF(RALS)lYt15r15 
14 RALS = 2. *PI + RALS 
15 RL(1)  = CRA*CEL 
RL(2)=SRA*CEL 
RL (3) =SEL 
CRA = RL(1) * PV(1) + RL(2) * PV(2) + RL(3) * PV(3) 
SRA = RL(l)*Q(l) + RL(2)*Q(2) + RL(3)*Q(3) 
IF(CHA) 40t41~40 
IF(CRA) 42r41r43 
41 TAL = PI12r 
IF(SRA)42~43r43 
42 TAL = TAL + PI 
43 IF(TAL)44,45~45 
40 TAL = ATAN(SRA/CRA) 
44 TAL = 2, * PI + TAL 




DO 21 I = 1 ~ 3  
IF(RI(1)) 7 0 ~ 7 1 ~ 7 0  
IF(RI(1))72~71~73 
IF(RI(2)) 7 2 ~ 7 3 ~ 7 3  
21 RI(I)=PV(I)*CTAI+Q(I)*STAI 
70 RAI = ATAN(RI(2)/RI(1)) 
71 R A T  = PI / 2. 
72 RA I  = R A I  + PI 
73 IF(RA1) 74r75v75 
75 RAI = RAI*RAD 
74 RAI = 20 * PI + R A I  
PHI = ATAN(RI(J)/SQRT(RI(1.**2 + RI(2)** 
TWIZELON +RAI-RALS*RAD-ROT*TB/36OOr 
THI=THI*DGTR 
R = THI/6.28318531 
N = R  
X = N  
THI = (R-X)*6@28318531 
CTAM=-le/E 
1 1 *RAD 
255 
RT( I . -CTAM**2 )  
I F ( C T A M )  5 0 ~ 5 1 ~ 5 0  
50 TAM = ATAN(STAM/CTAM)  
I F ( C T A M ) 5 2 ? 5 1 ? 5 3  
I F ( S T A M 1 5 2 v 5 3 ~ 5 3  
51 TAM = P I / 2 r  
52 TAM = TAM + P I  
53 I F ( T A M  1 5 4 ~ 5 5 ~ 5 5  
54 TAM = 2. * P I  + TAM 
55 C A Z  = S(3)-COS(TAM-TAR)*SIN(PHI/RAD) 
CAZ=CAZ/(SIN(TAM-TAR)*COS(PHI/RAD)) 
I F ( C A Z l 6 0 ~ 6 1 ~ 6 0  
60 A 2 1  = A T A N ( S A Z / C A Z )  
I F ( C A Z ) 6 2 , 6 1 ~ 6 3  
- I F ( S A Z I 6 2 e 6 3 ~ 6 3  
62 A Z I  = A Z I  + P I  
63 I F ( A Z I ) 6 4 ? 6 5 r 6 5  
64 A21 = 2r*PI+ A 2 1  
65 A 2 1  = A Z I  * RAD 
T H I = T H I * R A D  
SAZSQRT 1 e -CAZ**2  1 
61 A 2 1  = P I  / 2 .  
0 5 0 = U d L - 1 8 2 6 2 . 5  
GHA=100~07554260+0~985647346O*D~~+2r9Ol~E~l3*D5O**2 
GHA=GHA*DGTR 
H = G H A / 6 . 2 8 3 1 8 5 3 1  
N = R  
X Z N  
GHA ( R - X ) * 6 . 2 8 3 1 8 5 3 1  
T L z R A L S - E L O N  *DGTR-GHA 
R = T L I 6 r 2 8 3 1 8 5 3 1  
N = R  
X = N  
T L  = ( R o X ) * 6 r 2 8 3 1 8 5 3 1  
TL=TL*RAD/ROT 
I F ( T L 1 3 5 ~ 3 6 ~ 3 6  
35 T L Z T L + 2 4 .  








GO T O  50 
flVAL(E)=UIA(MCOUE) 




GO TO 50 
40 tjVAL(l)=f3IA(12) 
50 HETUHN 




BLOCK D A T A  




C O M M O N / B L K / T V P M A S S ~ ~ ~ ~ P C N ~ ~ O ~ V S ~ ~ ~ O ~ ~ ~ M N ~ ~ ~ ~ V ~ M J R ~ ~ ~ ~  
COMMON / B L K / R A D I U S ~ ~ ~ ~ ~ R M A S S ~ ~ ~ ~ V N O ~ ~ ~ ~ V E L M N T ~ ~ O ~ ~ S P H E R E ~ ~ ~ ~ V X P ~ ~ ~  
COMMON /PRT/MONTH(~~)PPLANET(~~) 
DATA CN/ 0 ~ 1 2 2 2 2 3 3 2 8 ~ 0 e 3 2 4 7 7 6 6 8 5 E - 0 4 , - 0 . 3 1 ~ 7 7 O 2 9 5 E ~ 0 6 ~ 0 ~ 0 ~  
A0.8228518595~0~2068578774E-01,0.3034933644E~05~0e0~1~3246996178~ 
~ 0 . 2 7 1 4 8 4 0 2 5 9 E ~ 0 1 ~ 0 ~ 5 1 4 3 8 7 3 1 5 6 ~ ~ 0 5 ~ 0 ~ 0 ~ ~ 0 ~ 2 0 ~ 6 1 4 2 1 ~ 0 ~ 2 0 4 6 E ~ 0 4 ~  
C ~ 0 ~ 3 E ~ 0 7 ~ 0 ~ 0 ~ 1 ~ 7 8 5 1 1 1 9 5 5 ~ 0 ~ 7 1 4 2 4 7 1 E 0 3 ~ 0 ~ 8 7 ~ 6 6 4 6 2 6 ~ ~ 0 8 ~ 0 ~ 0 ~  
D 0 ~ 0 5 9 2 3 0 0 2 6 8 ~ 0 ~ 1 7 5 5 5 1 0 3 3 9 ~ ~ 0 4 ~ ~ 0 ~ 1 6 9 6 8 4 7 8 8 4 E ~ O 7 ~ 0 ~ 0 ~ 1 ~ 3 2 2 6 0 4 3 5 ~  
E 0 e 1 5 7 0 5 3 4 5 2 7 E ~ 0 1 ~ 0 . 7 1 5 5 8 4 9 9 3 3 ~ ~ 0 5 ~ 0 ~ 0 ~ 2 ~ 2 7 1 7 8 7 4 5 9 1 ~ 0 e 2 4 5 7 4 8 6 6 1 3 E ~ 1  
F ~ 0 ~ 1 7 0 4 1 2 0 0 8 9 E ~ 0 4 ~ 0 ~ 0 ~ 0 . 6 8 2 0 6 9 E ~ 0 2 ~ ~ 0 ~ 4 ~ 7 4 E ~ 0 4 ~ O ~ 9 1 € ~ 0 7 ~ 0 ~ 0 ~  
63o710626172~0~2796244623E03~1.682497399E~06~0~0~8*0e0~1~7666368138 
H~0e3000526417E~01~0~7902463002E~05~0.5817764173E~07~0~01675104~ 
1 ~ 0 ~ 4 1 8 E ~ 0 4 ~ ~ 0 . 1 2 6 E ~ 0 6 ~ 0 e 0 ~ 6 . 2 5 6 5 8 3 ~ 8 1 ~ 0 ~ 1 7 ~ 0 1 9 6 9 7 7 E 0 3 ~ ~ 0 ~ 1 9 5 4 7 6 8 7 6  
~2E~06~~0~1221730476E~8~0~0322944089~~0.117809724~~~04~0~2201054112 










G 0 . 0 4 7 0 4 6 3 ~ 0 e 2 7 2 0 4 E - 0 3 ~  lr2843599198~0.204654884EOlr 
H 0 ~ 0 3 1 0 5 3 7 7 0 7 ~ - 0 ~ 1 5 9 9 8 8 5 1 4 8 E - 0 3 ~  2.2810642235,0.1923032859E-01, 
I 0~7638202701~0~1532704516E~Ol~ 0*852849E*02~0.7701E-04~ 
J0~7204851506~Q~1033089473EOl~ 0.29967128729 0 . 0 ~ 1 . 9 1 7 8 6 5 8 7 ~  
K OeOt3e91233424~  O e O ~ 0 0 2 5 0 2 3 6 ~  0e0~4~000815984~0.6944665094 / 
DATA S M J R / 0 o 3 8 7 0 9 6 6 ~ 0 ~ 0 ~ 0 ~ 7 2 3 3 3 ~ 6 ~ 0 ~ 0 ~ 1 ~ 0 0 0 0 0 0 3 ~ 0 ~ 0 ~ 1 ~ 5 2 3 6 9 1 5 ~ 0 ~ 0 ~  
A ~ ~ 2 0 2 8 0 3 ~ 0 o 0 ~ 9 e 5 3 8 8 4 3 ~ 0 ~ 0 ~ 1 9 ~ 1 8 2 2 8 1 ~ ~ 0 . 5 7 0 0 8 ~ ~ 3 ~ 3 0 ~ 0 5 7 0 5 3 ~ 0 ~ 0 0 2 1 0 1  
t 3 6 6 ~ 3 9 . 4 3 8 7 1 ~ 0 1 0 /  
DATA EMN/4~523601515~~0~000924220~0~000036267~0~000000034~5~835151 
A 5 4 0 ~ 0 e 0 0 1 9 4 4 J 6 7 ~ ~ 0 ~ 0 0 0 1 8 0 2 0 5 ~ ~ 0 ~ 0 0 0 0 0 0 2 0 9 ~ 4 ~ 7 1 9 9 6 6 5 7 3 ~ 0 ~ 2 2 9 9 7 1 4 8 1 ~  
~ ~ 0 . 0 0 0 0 1 9 7 7 4 ~ 0 ~ 0 0 0 0 0 ~ 0 3 3 r 0 1 0 9 9 8 0 4 1 0 8 ~ 0 . 0 5 4 ~ 0 0 4 8 9 ~ ~ 0 0 2 5 6 9 5 4 4 4 8 /  
1~2r8252E~7~8~454E~8~l.2~OE~8~l~~E-8,7.4E~lO~l~O92l745E~ll/ 
DATA ST/ Oe022841027~-0e9696273622E-O4~ 1.735518077, 
0 .0483376~  




DATA RMASS / 
11.0 ~lr638999630283250E~7r2.4Y1685427245681E-60 
~3r0034~8235900313E~6~3~23609494Ol2214~E~7~~~547426299951027E~4~ 
~ 2 ~ 8 5 6 9 2 8 4 2 7 7 1 4 3 4 8 E ~ 4 ~ 4 ~ 3 5 9 4 0 1 0 7 8 4 8 5 3 5 8 E ~ 5 ~ ~ ~ 0 6 ~ 0 7 1 0 2 1 4 9 4 5 8 2 E ~ 5 *  
42r500741703937329E-6,j,g95641978467207E~8 / 
Am00466582 ~ t 0 0 0 0 1 6 1 7  ~ . 0 0 0 0 4 0 4 4  ~ . 0 0 0 0 4 2 6 3  ~ . 0 0 0 0 2 2 7 9  P 
6.00047727 t.00040374 t .00015761 r.00014906 re00004679 t 
C.00001161 / 
DATA MONTH/lOH JANUARYelOH FEBRUARYvlOH MARCH v 10H APRIL 
B V  10H M A Y  t 10H JUNE P 1 OH “ J U L Y P ~ O H  AUGUST, 
DATA RADIUS/ 
DATA F/176*0 .0 /~ f lMNT/80*01/  
BlOH SEPTEMBERPlOH OCTOBERvlOH NOVEMBERV~OH DECEMBER/ 
DATA PLANET/lOHSUN P~OHMERCURY P~OHVENUS P 1OHEARTH 
258 
1 rlOHMARS rlOHJUPITER rlOHSATURN ? 
210HNEPTUNE rlOHPLUTO r lOHMOON / 
B.346?0.5805*0.2366,0./ 






C VELOCITY VECTOR IN PLANETOCENTRIC ECLIPTIC COORDINATES. 
C TTG IS THE MU OF THE TARGET PLANET IN CORRESPONDING UNITS, 
PI=3.1415926536 
RAD=57*2957795 
SM = 1. 
SI = 1. 
SD = 1. 
SINCLZDINCL 





HVP = ATAN~(VVP(~)PVVP(~)) 
S(l)=EQEC(lrl)*VVP(l)+EQEC(2,1)*VVP(2)+EQEC(3,l)*VVP(3) 
S(2)=EQEC(l?2)*VVP(l)+EQEC(2r2)*VVP(2)+EQ~C(3~2)*VVP(3) 
S ( 3 ) = E Q E C ( 1 ~ 3 ) * V V P ( l ) + E Q E C ( 2 , J ) * V V P ( 2 ) + E ~ E C ( 3 ~ 3 ) * V V P ( 3 )  
DECL = ATAN(TAND1 
R A  = ATAN2(S(2)tS(l)) 
TAND=VVP(3)/SGRT(l,-VVP(3)*VVP(3)) 
T A N D = S ( ~ ) / S W R T ( ~ S - S ( ~ ) * S ( ~ ) )  
I F ( A B S ( D I N C L ) - P I / 2 . ) 2 5 , 2 5 , 1 0  
10 SM = -1. 
If(DINCL)20~20r15 
15 DINCL = DINCL . PI 
GO TO 25 
20 DINCL PI + DINCL 
25 CONTINUE 
IF(DINCL)30r35,35 
30 SI = -1, 
35 PF(OECL)40r45r45 
40 SO = -1. 
45 CONTINUE 
I F ( S I * D I N C ~ - S D * D E C L ) ~ ~ P ~ ~ P ~ ~  










PERI = HP/(~.+E) 
HI = ATAN(SQRT(lr-WPT(3)**2)/WPT(3)) 
HL = ATANE(WPT(1) v-WPT(2) 1 
CTA = (HP-RSM)/(E*HSM) 
STA = RD*Cl/(E*TTG) 
TA = ATANE(STApCTA) 
DO 11 I = 1v3 
Z(I) = RSM/Cl*VtiP(I)-RD/Cl*RS(I) 
PtI) = CTA*RS(I)/RSR-STA*Z(I) 
HW = ATAN2(P(3)rQ(3)) 
11 Q(I) = STA*RS(I)/RSM+CTA*Z(I) 
VHE=SQRT(VHPM*VHPM-2.*TTG/RSM) 
CTS=l,/E*(HP /RSK-le) 
STS = SQRT(l.-CTS**2) 
DEN = PERI/RSK*(l.+E) 
SF = SQRT(E**2-1.)*STS/DEN 
F = ALOG(SF+SQRT(SF**2+1.)) 
TSICA=TSICA/B~~OOI 
TSICA = TTG/VHE**3*(E*SF-F) 
DINCL=SINCL 
901 F O R M A T ( ~ ( E ~ O ~ ~ ~ P ~ X ] )  
904 F O R M A T ( / ~ X I ~ ~ H T H E  DESIRED INCLINATION MUST BE SET EQUAL TO THE DEC 






























COMPUTES THE 6 X 6 STATE TRANSITION MATRIX WHICH RELATES 
PERTURBATIONS AT T1 TO PERTURBATIONS AT T2 
INPUT IS LISTED BELOb 
K -- POSITION COMPONENTS OF THE VEHICLE RELATIVE TO THE 
V -- VELOCITY COMPONENTS OF THE VEHICLE RELATIVE TO THE 
DELT -- DELTA TIME (T2 - T1) 
GMX -- GRAVITATIONAL CONSTANT OF GOVERNING BODY 
GOVERNING BODY 
GOVERNING BODY 
THE STATE THANSITIOlv MATRIX IS RETURNED AS PSIEC 
26 3 
T I M 2 = T I M l + D E L T  
A M 2 = T I M 2 / O R 0  
40 l F ( A M 2 )  4 1 ~ 4 2 ~ 4 2  
4 1  AM2=AM2+2.*PI 
GO TO 40 
N=R3 
XO=N 
42 H 3 = A M 2 / 6 . 2 8 3 1 8 5 3 1  
A M 2 = ( H 3 - X O ) * 6 . 2 8 3 1 8 5 3 1  
YO=AM2+E*SIN(AM2)+e5*E*E*SIN(2.*AM2) 
DO 43 I=1,10 
H T H D = S I N ( Y O )  
DXO=COS(YO) 
RJ=YO-E*RTHD 
U Y O = ( A M 2 - R 3 ) / ( l . - E * 0 X O )  
I F ( A B S ( D Y O ) - * l E - 7 )  4 4 ~ 4 3 ~ 4 3  
W R I T E ( 6 # 4 ) D Y O  
44 DDYO=RTHD/At3S(RTHD) 
43 Y O=Y O+DY 0 
4 FORMAT(13HONO CONV OLE=E15.8) 
R2=A* ( 1 e 1  -E*DXO 
C T A 2 = ( P - R 2 ) / ( E * R 2 )  
STA2=SQRT( l * -CTA2*CTA2)*DDYO 
GO TO 22 
C HYPERBOLA 
21 SNF=SQRT(E*E  -1. )*STA*RM/P 
F=ALOG(SNF+SWRT(SNF*SNF+lr)) 
OHB=SQRT(ABS(A*A*A)/GMX) 
T I M l = O R B * ( E * S h F - F )  
T I M 2 = T X M l + D E L T  
AM2=TIM2/ORB 
X O = S I G N ( l r * A M 2 )  
DO 53 I = l r l O  
YO=EXP(XO) 
RTHD=(YO-1 . /YO)*e5  
DXO = ( Y O + l r / Y O ) * * 5  
R 3 = ( A M 2 - D Y O ) / ( E * D X O - l * )  
I F ( D O X 0 - e 1 E - 7 )  5 4 ~ 5 1 ~ 5 1  
DYO=-XO+E*RTHD 
OOXO=ABS(R3)  
51  I F ( D D X 0 - 1 . )  5 3 ~ 5 3 ~ 5 2  
52 R3=R3/DDXO 
53 XO=XO+R3 
W R I T E ( 6 v 5 1 R 3  
5 FORMAT(13HONO CONV OLE=E15 .8 )  
54 RE=A*( l . -E*UXO) 
C T A 2 = ( P - R 2 ) / ( E * R 2 )  
STA2=SQRT(1e-CTA2*CTA2)*SIGN( l . rXO)  
C P S X ( T l r 0 )  I N V E R S E  
DO 15 J=lv6 
XO=RIVI*CTA 
Y O=RM*STA 

















AU = 149.5985 
AUDAY = AU/(24c*36DO~)*1000000~ 
AUS = 149598500r 





GO TO 104 
101 ODIQ= -e4091924432 
100 IF(NLJD-3)102@103~102 
103 DDIQ=O.O 
DDLQZO e 0 
GO T O  104 
102 TF(NUD-5)104~105~104 
105 DDIQ=OIO 
















T I M2zI.O 0 e 





901 FORMAT(/lX@20HCONVERSlON CONSTANTS) 
902 F O R M A T ~ l X ~ ~ H P I = ~ E 2 0 ~ 1 3 ~ 3 X ~ 7 H R ~ D ~ A N = r E 2 0 . 1 ~ ~ 3 X ~ ~ H A U ~ ~ E 2 O ~ l 3 ~ ~ X ~  
1 ~HAUDAY=PE~O.~Y) 
903 FORMAT(lX,18HPHYSICAL CONSTANTS) 
904 FORMAT(lX?llHMU OF SUN= F E ~ ~ ~ ~ O ~ ~ ~ X , ~ ~ H R O T A T X O N  RATE= eF793~3Xp 
1 llHOBLIQUXTY= ~ ~ 1 3 * 1 0 ~ 3 X ~ 1 7 H L O ~ G  OF EQUATOR= ~F13.10) 
905 FORMAT(lXt14HLAUNCH PROFILE) 
906 FORMAT(lX~18HLAU~CH S I T E  LAT = p F 7 ~ ~ ~ 3 X ~ l g H L A U ~ C H  SITE LONG = 
1 F7r3t3Xt20HPARKING ORBIT RAD = ~ F 7 ~ 2 ~ 3 X ~ 1 ~ H L A U N ~ H  TR E ANOM = 
2 F6.2) 
16HTIM2Z eF5.1) 





C H = UISTANCE 
C PHI = DECLINATION 
C THETA = HIGHT ASCENSION 
C VEL = VELOCITY 
C GAMMA = PATH ANGLE 
















































































THIS SUBROUTINE READS THE DATA USED IN EACH OF THE MODES OF 
OPERATION USED I N  THE STEAP PROGRAM 
THE FIRST CARD WHICH SHOULD BE READ CONTAINS THE VARIABLE IRUNX 
WHICH INDICATES HOW MANY DIFFERENT RUNS ARE TO BE MADE. THIS 
NUMBER SHOULD BE PLACED ON THE CARD ACCORDING TO AN 110 FIELD, 
INPUT r 
THE NEXT CARD SHOULD CONTAIN THE VARIABLES IPRO AND I T R  WHICH 
GIVE THE PROBLEM IDENTIFICATION AND A CODE NUMBER INDICATING 
--NOTE--THIS CARD SHOULD PRECEDE THE INPUT FOR EACH RUN. 
--NOTE--THIS NUMBER I S  ONLY READ ONCE EACH TINE THE PROGRAM I S  
WHICH MODE TO BE USED FOR THIS PROBLEM. THE FORMAT I S  2110s 
I T R  I- =1 -- TRAJECTORY MODE 
=2 -- TARGETING MODE 
=3 -- ERROR ANALYSIS MODE 
=4 0- SIMULATION MODE 
I F  THE TRAJECTORY MODE I S  TO BE RUN, THE DATA I S  INPUT THROUGH 
THE USE OF A NAMELIST ENTITLED TRAJ WHICH INCLUDES THE FOLLOWING 
VARIABLES, 
e" X I  
I C O O R  -- 
-- RDS 







-- L M O  
L O A Y  -- 
LHR 
LMIN 
SECL . c I  
LYR 
I M O  
I O A Y  -- 
IHR 






-* -- -- 
-.I 
A VECTOR CONTAINING THE I N I T I A L  POSITION AND 
VELOCITY O F  THE VEHICLE 
--NOTE--THIS VECTOR I S  READ ONLY I F  I C O O R  = O 9 1 r 2  
A CODE TO DETERMINE WHAT COORDINATE SYSTEM THE 
I N I T I A L  STATE VECTOR I S  IN.  I F  THIS CODE I S  NOT 
=O -- HELIOCENTRIC ECLIPTIC 
=1 -- GEOCENTRIC EQUATORIAL 
=2 -- GEOCENTRIC ECLIPTIC 
=3 -- JPL CONDITIONS (RDSPPHIPTHETAPWEL~GAMMAP 
EARTH-CENTERED INJECTION RADIUS 
DECLINATION 
INJECTION RIGHT ASCENSION 
INERTIAL INJECTION SPEED 
INJECTION PATH ANGLE 
INJECTION AZIMUTH 
--NOTE--THESE CONDITIONS ARE INPUT ONLY I F  
I C O O R  = 3. 
LAUNCH MONTH (INTEGER) 
LAUNCH DAYS (INTEGER) 
LAUNCH MINUTES (INTEGER) 
LAUNCH SECONDS (FLOATING) 
LAUNCH YEAR (INTEGER) 
DAY OF FINAL COMPUTATION (INTEGER) 
HObR OF FINAL COMPUTATION (INTEGER) 
MINUTE OF FINAL COMPUTATION (INTEGER) 
SECOND OF FINAL COMPUTATION (FLOATING) 
YEAR OF F INAL COMPUTATION (INTEGER) 
IhCLUDED I N  THE NAMELIST, I T  I S  ASSUMED TO BE 2. 
SIGMA) 
LAUNCH HOURS (INTEGER) 
MONTH OF FINAL COMPUTATION EINTEGER) 






































































--NOTE--IF ALNGTH I S  NOT READ IN,  THE LENGTH UNITS 
TIME UNITS PER DAY 
--NOTE--IF TM I S  NOT READ INp THE TIME UNITS ARE 
NOMINAL TRAJECTORY MODULE CODE 
=1 -- PATCHED CONIC 
=2 -- VIRTUAL MASS 
--NOTE--IF NOT INPUT, CODE 2 I S  ASSUMED 
I N I T I A L  TRAJECTORY TIME (ASSUMED ZERO I F  NOT 
READ I N )  
NUMBER OF BODIES T O  BE CONSIDERED I N  ANALYSIS 
--NOTE--IF NBOD I S  NOT INPUT, I T  I S  ASSUMED TO BE 3 
(SUMP LAUNCH PLANET, TARGET PLANET) 
ARRAY O F  CODES OF BODIES -- SUN 
E2 -- MERCURY 
=3 -- VENUS 
=4 -- EARTH 
=5 -- MARS 
=5 -- JUPITER 
27 -- SATURN 
=8 -- URANUS 
=9 -- NEPTUNE 
=lo-- PLUTO 
=ll-- EARTHS MOON 
--NOTE--Nt3(2)=LAUNCH PLANET 
NB(3)=TARGET PLANET 
ARE ASSUMED TO BE KILOMETERS (ALNGTH=149598500.) 
ASSUMLD TO BE SECONDS. (TM=86400.) 
INFORMATION I S  NECESSARY ONLY I F  NTMCZ2. 
EPHEMERIS CODE 
= O  -9 PLACE EACH PLANET I N  ELLIPSE 
THE DATE AT WHICH THIS ELLIPSE I S  
CALCULATED I S  DETERMINED BY READING I N  A 
VARIABLE WHICH I S  ENTITLED AS THE NAME OF 
THE PLANET CONSIDERED. THIS VARIABLE 
MONTH, DAYi HOUR, MINUTE*SECOND* AND 
SHOULD CONTAIN S I X  NUMBERS SPECIFYING THE 
--NOTE--IF THESE VARIABLES ARE OMITTED FROM 
YEAR, (EXANPLE..EARTH=7~24,6r15,38*1973) 
THE NAMELIST THE FOLLOWING RULES WILL BE 
APPLIED. 
NB(2 )  AT LAUNCH DATE 
NB(3)  AT TARGET DATE 
MOON AT SAME DATE AS EARTH 
ALL OTHERS AT TARGET DATE 
EACH TIME INTERVAL 
-- CALCULATE ORBITAL ELEMNETS FOR EACH PLANET 
--NOTE--ONE IS ASSUMED I F  THIS VARIABLE I S  NOT 
INPUT 
PRINT CODE FOR VIRTUAL MASS 
=o ALL OUTPUT WILL BE PRINTED BOTH INITIALLY AND 
FINALLY AS USUAL 
(ASSUMED I F  NOT INPUT I N  TRAJECTORY MODE) 
=1 OUTPUT WILL BE SUPPRESSED AT THE BEGINNING AND 
FINAL STEPS 
(ASSUMED I F  NOT INPUT I N  ERROR ANALYSIS MODE 
AND SIMULATION MODE) 
CODE FOR VIRTUAL MASS TRAJECTORY 
=0 CONTINUE INTEGRATING TO FINAL TIME 
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eGT.0 STOP INTEGRATING WHEN SPHERE OF INFLUENCE 
OF STATED PLANET I S  ENCOUNTERED. 
ACC ACCUKACY FIGURE (ASSUMED 1.E-6 I F  NOT INPUT 
DELTP PRINT INTERVAL ( I N  DAYS)--ASSUMED 3. I F  NOT INPUT 
IN TRAJECTORY MODE. IF NOT INPUT IN ERROR ANALYSIS 
MODE OR SIMULATION MODE DELTP I s  ASSUMED 500. 
INPUT I N  TRAJECTORY MODE? I N  ERROR ANALYSIS OR 
INPR -0 PRINT INTERVAL (INCREMENTS) (ASSUMED 100 I F  NOT 
SIMULATION MODE ASSUMED 10000 XF NOT INPUT) 
I F  THE TARGETING MODE I S  TO BE RUN, A NAMELIST -TARG- I S  TO BE 
READ WITH THE FOLLOWING VARIABLES. 
I F  THE EHROH ANALYSIS MODE I S  TO BE RUN, A NAMELIST ENTITLED 
ERRAN I S  HEAD WHICH INCLUDES ALL OF THOSE VARIABLES USED I N  THE 
TRAJECTORY MODE PLUS THE FOLLOWING. 
IAUG -- AUGMENTATION F L A G  
= 1 STATE VECTOR CONSISTS O F  POSITION AND 
VELOCITY OF VEHICLE (NDIM = 69 
..m- ALL REMAINING CODES INDICATE STATE VECTORS WITH 
AUGMLNTED INFORMATION AS NOTED -- 
= 2  
= 3  
= 4  
= 5  
= 6  
= 7  
= 8  
= 9  
= 10 
= 11 
STATION LOCATION PARAMETERS (NDIM = 9 )  
(GEOCENTRIC RADIUS, LATITUDE, LONGITUDE) 
MU OF SUN AND MU OF TARGET PLANET (NDIM = 8 )  
S I X  MEASUREMENT BIASES (RANGE BIAS, RANGE- 
RATE BIAS, THREE STAR ANGLE BIASESI APPARENT 
PLANET DIAMETER BIAS)  (NDIM=12) 
THREE EPHEMERIS BIASES OF TARGET PLANET 
(SEMI-MAJOR AXIS BIAS8 ECCENTRICITY BIAS, 
NINE STATION LOCATION PARAMETERS (NDIM=15) 
THREE STATION LOCATION PARAMETERS PLUS MU OF 
SUN AND MU OF TARGET PLANET (NOIM = 11) 
THREE STATION LOCATION PARAMETERS AND S I X  
MU OF SUN, MU OF TARGET PLANET, THREE 
S I X  MEASUREMENT BIASES AND THREE EPHEMERIS 
BIASES (NDIM=15) 
THREE STATION LOCATION PARAMETERS PLUS MU 
OF SUN, MU OF PLANET, S I X  MEASUREMENT 
BIASES (NDIM=17) 
(THREE FROM EACH OF THREE STATIONS) 
MEASUREMENT BIASES (NDIM=I~) 
EPHEMERIS BIASES (NDIM=II) 
NENT -- NUMBER OF ENTRIES IN THE MEASUREMENT SCHEDULE 
THIS I S  ASSUMED ZERO I F  I T  I S  NOT INPUT 
--NOTE--THE MEASUREMENT SCHEDULE ITSELF I S  NOT 
IMMEDIATLEY FOLLOWING THE NAMELIST 
SCHED(1) SCHED(2) SCHED(3) MEAS 
F10.0 F l o e 0  F10.0 I 1 0  
DAY1 TO DAY2 EVERY X DAYS W e  CODE 
READ IN THE NAMELIST. IT WILL BE READ 
THE CODE I S  DETERMINED By THE FOLLOWING L I S T  
=1 RANGE-RATE -- IDEALIZED STATION 
=2 RANGE, RANGE-RATE -- IDEALIZED STATION 
=3 RANGE-RATE STATION 1 
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=6 RANGE, RANGE-RATE -- STATION 2 
=9 THREE STAR PLANET ANGLES 
NUMBER OF EIGENVECTOR EVENTS (ASSUMED  ZERO^ IF 
=7 RANGE-RATE -- STATION 3 
=8 RANGE, RANGE-RATE -- STATION 3 
= I O  APPARENT PLANET DIAMETER 
NOT HEAD) 
ARRAY OF TIMES AT WHICH EIGENVECTOR EVENTS OCCUR 
EIGENVECTOR CODE 
= O  -- ONLY POSITION EIGENVECTORS WILL BE INPUT 
(ASSUMED I F  NOT INPUT) 
=1 -- BOTH POSITION AND VELOCITY EIGENVECTORS 
WILL BE CALCULATED 
HYPERELLPSOID SIGMA LEVEL CODE 
=1 -- SIGMA LEVEL EQUALS ONE 
=2 - SIGMA LEVEL EQUALS THREE (ASSUMED I F  NOT 
=3 -- SIGMA LEVEL O F  BOTH ONE AND THREE 
NUPBEX OF PREDICTION EVENTS (ASSUMED ZERO, I F  
NOT READ) 
--NOTE--THIS I S  INPUT ONLY I F  NEV2.NE.O 
--NOTE--THESE MUST CORRESPOND TO THOSE TIMES 
L I S T ~ D  I N  T2 AND SHOULD BE INPUT ONLY I F  T2 I S  
INPUT 
NUMBER O F  GUIDANCE EVENTS (ASSUMED TO BE ZERO I F  
NOT INPUT) 
A R R A Y  OF TIMES AT WHICH GUIDANCE EVENTS OCCUR 
ARRAY OF CODES WHICH DETERMINE WHAT GUIDANCE 
POLICY I S  TO BE USED AT EACH GUIDANCE EVENT 
=1 -- FIXED TIME OF ARRIVAL 
=2 -- TWO-VARIABLE 8-PLANE 
=3 -- THREE-VARIABLE B-PLANE 
--NOTE--THESE CODES MUST CORRESPOND TO THE TIMES 
AS STATED I N  T3 AND NEED BE INPUT ONLY I F  T3 I S  
INPUT--IF THESE ARE NOT INPUT WHEN T3 I S  INPUT 
THREE VARIABLE 6-PLANE I S  ASSUMED 
ARRAY OF CODES FOR GUIDANCE EVENTS TO DETERMINE 
HOW THE EXECUTION ERROR I S  TO BE CALCULATED. 
= 1 CALCULATED FROM EIGENVECTOR CORRESPONDING TO 
--NOTE--THESE CODES MUST CORRESPOND TO THE TIMES AS 
STATED I N  T3 AND NEED BE INPUT ONLY ZF T3 I S  INPUT. 
I F  THESE ARE NOT INPUT WHEN T3 I S  INPUT, OPTION 1 
IS ASSUMED 
VARIANCE OF RESOLUTION ERROR 
ASSUMED 4.E-8 KM**2/SEC**2 I F  NOT INPUT 
VARIANCE OF PROPORTIONALITY ERROR 
ASSUMED .0001 I F  NOT INPUT 
--NOTE--THIS I S  TO BE INPUT ONLY I F  NEV1.NEeO 
INPUT) 
A R R A Y  OF TIMES A T  WHICH PREDICTION’ EVENTS OCCUR 
ARRAY OF TIMES TO WHICH ONE WISHES TO PREDICT. 
--NOTt--THESE MUST BE INPUT ONLY I F  NEV3.NE.O 
0 CALCULATED DIRECTLY FROM S MATRIX 
MAXIMUM EIGENVALUE OF S MATRIX. 
VARIANCE OF POINTING ANGLE ALPHA 
VARIANCE OF POINTING ANGLE BETA 
ASSUMED e0043625 RADIANS I F  NOT INPUT 
ASSUMED e0043625 RADIANS I F  NOT INPUT 
I F  NEV3.NE.O 
--NOTE--THE ABOVE SIGMA VALUES MUST BE INPUT ONLY 











































































--NOTE--IF THIS MATRIX I S  NOT INPUT, A DIAGONAL 
M A T R I X  I S  ASSUMED WITH THE LISTED VALUES FOR THE 
FSRST S I X  ELEMENTS ON THE DIAGONAL. ALL OTHERS 
WILL BE ZERO 
1. 1. I* 1 e E-4 1 e E-4 1 . E 4  
STATE TRANSITION M A T R I X  CODE 
=1 -- PATCHED-CONIC (ANALYTICAL) 
=2 -- VIRTUAL MASS (ANALYTICAL) 
=3 -- NUMERICAL DIFFERENCING USING VIRTUAL-MASS. 
--NOTE--IF THIS CODE I 5  NOT INPUTvISTMC = 1 I S  
ASSUMED e 
DYNAMIC NOISE F L A G  
= O  -- DYNAMIC NOISE I S  ZERO--ASSUMED I F  NOT INPUT 
=1 -- DYNAMIC NOISE IS NOT ZERO 
CONSTANTS USED TO CALCULATE DYNAMIC NOISE (NNED BE 
INPUT ONLY I F  I D N F = l )  
MEASUREMENT NOISE FLAG 
=O -- MEASUREMENT NOISE I S  CONSTANT (ASSUMED I F  
NOT READ I N 1  
=I -- MEASUREMENT NOISE IS NOT CONSTANT 
ARRAY OF VARIANCES FOR EACH TYPE OF’MEASUREMENT 
--NOTE--IF THIS ARRAY I S  OMITTED FROM THE NAMELIST, 
THE FOLLOWING ARRAY WILL BE ASSUMED. 
RANGE (IDEALIZED STATION) 1 *E-6 
RANGE (STATION 1) 1 e E-6 
RANGE-RATE (STATION 1) 1 .E-12 
RANGE (STATION 2 )  1. E-6 
RANGE-RATE (STATION 2) 1 E012 
RANGE (STATION 3) 1 E-6 
HANGE-RATE (STATION 3) 1 .E-12 
STAR ANGLE 1 2 e 5E-9 
STAR ANGLE 2 2.5E-9 
STAR ANGLE 3 2 9 5E-9 
APPARENT PLANET DIAMETER 2 e 5E-9 
RANGE-RATE (IDEALIZED STATION) 1.~912 
NUMBER OF TRACKING STATIONS ON THE ROTATING EARTH 
--NOTE--THIS INFORMATION NEED BE INPUT ONLY I F  
I F  NO INFORMATION ON THE TRACKING STATIONS IS INPUT 
THREE STATIONS WILL BE ASSUMED AS THE FOLLOWING 
INCLUDED IN THE MEASUREMENTS IS TYPE 3 ~ 4 ~ 5 ~ 6 r 7 ~ 8  
ALT LAT LONG 
1, GOLDSTONE -- 1,031 KM 35e384N 116r833W 
2, MADRID -- e050 KM 40.417N 3 e 667W 
3 s  CANBERRA 0- 0 0 5 0  KM 35.3115 149.136E 
ARRAY OF ALTITUDES OF EACH TRACKING STATION 
ARRAY OF LATITUDES OF EACH TRACKING STATION 
ARRAY OF LONGITUDES OF EACH TRACKING STATION 
--NOTE--THE ABOVE THREE ARRAYS MUST BE INPUT ONLY 
I F  NSTINEIO 
DIRECTION COSINES OF STAR PLANET ANGLE 1 
(NECESSARY ONLY IF THIS ANGLE IS BEING MEASURED) 
IF THESE ARE NOT INPUT STAR NUMBER 1 IS ASSUMED 
TO BE CANOPUS WITH 
DIRECTION CONSINES OF STAR PLANE ANGLE 2 
(NECESSARY ONLY I F  THIS ANGLE I S  BEING MEASURED) 
I F  THESE ARE NOT INPUT STAR NUMBER 2 I S  ASSUMED 
TO BE BETELGEUSE WITH 
DIRECTION COSINES OF STAR PLANET ANGLE 3 
U1=- .061351~ V1=*237886* W1=-0969355 










































































(NECESSARY ONLY I F  THIS ANGLE I S  BEING MEASURED) 
I F  THESE ARE NOT INPUT STAR NUMBER 3 I S  ASSUMED 
TO BE RIGEL WITH 
POSITION FACTOR FOR NUMERICAL DIFFERENCING 
(NEEU BE INPUT ONLY I F  ISTMCZ3) 
ASSUMED TO BE 1 KM I F  NOT INPUT 
VELOCITY FACTOR FOR NUMERICAL DIFFERENCING 
(NEEU BE INPUT ONLY I F  ISTMCz3) 
A VALUE T O  BE USED AS AN OFF-DIAGONAL ANIHILATION 
ELEMENT I N  THE EIGENVECTOR ROUTINE FOR POSITION 
I F  NOT READ I N )  
A VALUE TO BE USED AS AN OFF-DIAGONAL ANIHILATION 
ELEMENT I N  THE EIGENVECTOR ROUTINE FOR VELOCITY 
1F NOT READ I N )  
AN ALTERNATE STATE TRANSITION M A T R I X  CODE 
=O I F  DELTM I S  GREATER THAN DTMAX (DESCRIBED 
W3=.201963t V3z.831343, W3=- e 517784 
ASSUMED TO BE 1.E-4 KM/SEC I F  NOT INPUT. 
EIGENVALUES AND EIGENVECTORS (ASSUMED TO BE L E - 1 5  
EIGENVALUES AND EIGENVECTORS (ASSUMED TO BE 1.E-25 
BELOW) CALCULATE P S I  BY USING THE SUN AS THE 
=1 I F  DELTM I S  GREATER THAN DTMAX CALCULATE P S I  BY 
THE MAXIMUM DELTM ( I N  DAYS) SO THAT THE STATE 
TRANSITION M A T R I X  COMPUTATION I S  CONSIDERED VALID 
WHEN USING EITHER THE PATCHED CONIC TECHNIQUE OR 
THE VIRTUAL MASS TECdNIQUE 
(ASSUMED TO BE 8 DAYS I F  NOT READ I N )  
ACCURACY CODE FOR NUMERICAL DIFFERENCING 
= O  U5E THE SAME ACCURACY FIGURE I N  THE CALCULATION 
OF THE STATE TRANSITION M A T R I X  BY THE METHOD OF 
NUMERICAL DIFFERENCING AS I S  USED I N  THE 
NOMINAL TRAJECTORY (ASSUMED I F  NOT INPUT) 
DIFFERENCING METHOD TO ACCND (DESCRIBED BELOW) 
GOVERNING BODY, (ASSUMED 3 I F  NOT INPUT) 
NUMERICAL DIFFERENCING. 
=1 CHANGE THE ACCURACY I N  USING THE NUMERICAL 
ACCURACY TO BE USED I N  THE CALCULATION OF THE STATE 
TRANSITION M A T R I X  BY THE METHOD OF NUMERICAL 
DIFFERENCING. (USED ONLY I F  NDACCzl) ASSUMED TO BE 
2.5E-5 I F  NOT INPUT, 
SEMI-MAJOR AXIS FACTOR USED I N  NUMERICAL 
DIFFERENCING TO COMPUTE P S I  AND H I F  IAUG = 5 r  9r 
OR 10. (ASSUMED 100 KM I F  NOT INPUT) 
ECCENTRICITY FACTOR USED I N  NUMERICAL DIFFERENCING 
(ASSUMED 1.E-5 I F  NOT INPUT) 
INCLINATION FACTOR USED I N  NUMERICAL DIFFERENCING 
(ASSUMED 1 0  ARCSECONDS I F  NOT INPUT) 
FACTOR USED I N  NUMERICAL DIFFERENCING FOR THE MU OF 
THE SUN TO GENERATE THE AUGMENTED STATE TRANSITION 
WHEN NOT INPUT) 
FACTOR USED I N  NUMERICAL DIFFERENCING FOR THE MU OF 
THE TARGET PLANET TO GENERATE THE AUGMENTED STATE 
(ASSUMED e 1  WHEN NOT INPUT) 
TO COMPUTE P S I  AND H I F  IAUG = 5, 9 8  OR 10, 
TO COMPUTE P S I  AND H I F  IAUG = 5, 9, OR 10. 
MATRIX WHEN IAUG = 3 r  7~ 9 ,  OR 11, (ASSUMED 1.E7 
TRANSITION M A T R I X  WHEN IAUG = 3 r  7 ,  9, OR 11. 
IN ORDER T O  EXERCISE THE SIMULATION OPTION9 A NAMELIST ENTITLED 
SMLTN I S  READ WHICH CONTAINS ALL THE VARIABLES MENTIONED ABOVE 
27 5 
C FOR THE TRAJECTORY AND ERROR ANALYSIS MODES PLUS THE FOLLOWING. 
C 
C NEV4 -- NUMBER OF QUASI-LINEAR FILTERING EVENTS TO BE RUN 
C T4 -- AN ARRAY OF TIMES AT WHICH QUASI-LINEAR FILTERING 
C EVENTS ARE TO TAKE PLACE. 
C --NOTE--THIS ARRAY I S  NECESSARY ONLY I F  NEU4 I s  NOT 
C ZERO 
C ADEVX -- THE VECTOR DESCRIBING THE ACTUAL DEVIATION OF THE 
C ACTUAL TRAJECTORY FROM THE MOST RECENT NOMINAL 
C TRAJECTORY 
C B I A  -- AN ARRAY OF MEASUREMENT BIASES WHICH DETERMINE THE 
C ACTUAL VALUE TO BE USED FOR EACH OF THE TYPES OF 
C MEASUREMENTS 
C DMUSB -- ACTUAL BIAS OF THE MU OF THE SUN TO BE USED I N  THE 
C DETERMINATION OF THE ACTUAL TRAJECTORY 
C (ASSUMED TO BE ZERO I F  NOT INPUT) 
C DMUPB -- ACTUAL BIAS OF THE MU OF THE TARGET PLANET TO BE 
C USED I N  THE DETERMINATION OF THE ACTUAL TRAJECTORY 
C (ASSUMED TO BE ZERO I F  NOT INPUT) 
C DAB -- ACTUAL BIAS I N  THE SEMI-MAJOR AXIS OF THE TARGET 
C PLANET TO BE USED I N  THE DETERMINA’TION OF THE 
C ACTUAL TRAJECTORY 
C DEB _- ACTUAL BIAS I N  THE ECCENTRICITY OF THE TARGET C 
C PLANET TO BE USED I N  THE DETERMINATION OF THE 
C DIB -P ACTUAL BIAS I N  THE INCLINATION OF THE TARGET PLANET 
C 
C T O  BE USED I N  THE DETERMINATION OF THE ACTUAL 
C TRAJECTORY 
C (ASSUMED TO BE ZERO I F  NOT INPUT) 
C T T I M l  -- THE FIRST TIME A T  WHICH THE VALUES USED FOR THE 
C ACTUAL UNMODELLED ACCELERATION WILL BE ALTERED 
C T T I M 2  -- THE SECOND TIME AT WHICH THE VALUES USED FOR THE 
C ACTUAL UNMODELLED ACCELERATION WILL BE ALTERED 
C UNMAC 3- AN AHRAY OF VALUES WHICH DETERMINE THE ACTUAL 
C UNMODELLED ACCELERATION TO BE USED A T  A GIVEN TIME 
C NOTE--THESE VALUES ARE ASSUMED ZERO I F  NOT INPUT 
C TO - T 1  T 1  - T 2  T2 . TF 
C x 1  x2 X3 ACCELERATION 
C Y 1  Y 2  Y 3  ACCELERATION 
z 1  22 23 ACCELERATION 
C SLB -- AN ARRAY O F  ACTUAL BIASES I N  THE LOCATIONS OF THE C 
C THREE ROTATING STATIONS ON THE EARTH 
C ( A L ~ P L A T ~ ~ L O N G ~ ~ A L ~ ~ L A T ~ , L O N G ~ ~ A L ~ ~ L A T ~ ~ L O N G ~ )  
C NOTE--THESE VALUES ARE ASSUMED TO BE ZERO I F  NOT 
C INPUT 
C IAMNF -- ACTUAL MEASUREMENT NOISE CODE 
C ZO -- ASSUME THE ACTUAL UNCERTAINTIES I N  THE 
C MEASUREMENT NOISE ARE THE SAME AS THE 
C UNCERTAINTIES ASSUMED I N  THE MOST RECENT 
C NOMINAL TRAJECTORY 
C =1 -- CALCULATE THE ACTUAL UNCERTAINITES I N  THE 
C MEASUREMENT NOISE USING THE FOLLOWING 
C NOTE -- I F  NOT INPUT IAMNF I S  ASSUMED ZERO 
C AVARM -- ACTUAL VARIANCES TO BE USED I N  COMPUTING THE ACTUAL 
C UNCERTAINTIES I N  THE MEASUREMENT FROM WHICH THE 
C ACTUAL MEASUREMENT NOISE I S  CALCULATED 
C NBODl -- NUMBER OF BODIES TO BE CONSIDERED I N  THE ACTUAL 
(ASSUMED TO BE ZERO I F  NOT INPUT) 
C ACTUAL TRAJECTORY 

























THAJLCTORY (ASSUMED TO BE 11 I F  NOT INPUT) 
ACTUAL TRAJECTORY ( I F  NOT INPUT ALL M A J O R  PLANETS 
I N  THE SOLAR SYSTEM ARE CONSIDERED PLUS THE SUN AND 
THE EARTHS MOON) 
PROGRAM WHEN GENERATING THE ACTUAL TRAJECTORY 
NlJ 1 A l l  ARRAY OF CORES OF PLANETS TO BE USED I N  THE 
A C C l  -.. AN ACCURACY FIGURE TO BE USED I N  THE VIRTUAL MASS 
( I F  NOT INPUT A C C l  I S  ASSUMED TO BE 1.E-6) 
ARES -- AN ARRAY OF ACTUAL RESOLUTION ERRORS CORRESPONDING 
TO THE GUIDANCE EVENTS. (ASSUMED 3 I F  NOT INPUT) 
--NOTE--NEED BE INPUT ONLY I F  GUIDANCE EVENTS OCCUR 
GbIDANCE EVENT. (ASSUMED ZERO I F  NOT INPUT) 
--NOTE--NEED BE INPUT ONLY I F  GUIDANCE EVENTS OCCUR 
APRO -- AN AHHAY OF ACTUAL PROPORTIONALITY ERRORS FOR EACH 
AALP -- AN ARRAY OF ACTUAL ERRORS FOR POINTING ANGLE ONE 
F O R  THE GUIDANCE EVENTS. (ASSUMED ZERO I F  NOT 
INPUT) --~OTE--NEED BE INPUT ONLY IF GUIDANCE 
EVENTS OCCUR 
ABET -- AN ARRAY O F  ACTUAL ERRORS FOR POINTING ANGLE TWO 
FOR THE GUIDANCE EVENTS@ (ASSUMED ZERO I F  NOT 
INPUT) --NOTE--NEED BE INPUT ONLY'IF GUIDANCE 
EVENTS OCCUR 
COMMON/CONST/O~EGA,EPS,NST,SAL(3) ,SLAT(3) rsLON(3)  rDNCN(3),MNCN(12) 
C O M M O N / C O N S T ~ / U ~ ~ U ~ P U ~ ~ V ~ ~ V ~ , V ~ ~ W ~ ~ W ~ , W ~ P F O P P F O V  
COMMON/CONST3/DELXA~DELYA,DELZA,DELXE,DELY~rDELzE~DELXI~DELYI~ 
C O M M U N / E V E N T / N E V ~ T E V ~ 5 O ~ ~ I ~ V ~ T ~ ~ O ~ ~ I H Y P 1 ~ I E I G ~ T P T 2 ~ 2 0 ~ ~  
BDELZI~DELAXSIDELECC~DELICLIDELMUSPDELMUP 
~ I C D T ~ ~ ~ ~ ~ I N P E ~ N G E ~ I P O L , I I P O L ~ I C D Q ~ ~ ~ O ~ ~ S I G ~ E S ~ S I G P R O ~ S I G A L P ~ S I G ~ E T  
* ~ N E V L P N E V ~ , N E V ~ P N E V ~ , N Q E  
C O M M O N / G U I / P G ( 1 7 , 1 7 ) , X G ( 6 ) t T G , E M ( 2 r 6 )  
COMMON /MEAS/ T M N ( 1 0 0 O ) ~ M C O D E ( l O O O ) , N M N , M C N T R  
C O M M O N / M I S C / A C C ~ I U N F , I C O O R , I T R , I M N F , F A C P r F A C V ~ I S P 2 ~ B I A ~ l 2 ~ ~ I P G N  
COMMON / N A M E / ~ D N M ( ~ ~ ~ ) ~ E V N M ( ~ ~ , M N N A M E ( ~ ~ , ~ ) ~ C M P N M ( ~ ~ P ~ ~ )  
C O M M O N / S I M C N T / D M U S B P D M U P B I D A ~ , D E ~ ~ D I B , T T I M ~ ~ ? T I M ~ ~ U N M A C ( ~ ~ ~ ) ~  
COMMON / S I M ~ / X I ~ ( ~ ~ ~ ~ X F ~ ~ ~ ~ ~ , A D E V X ~ ~ ~ ~ P E O ~ ~ X ~ ~ ~ ~ P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
COMMON /SIM2/N61(11),ACCl~NBOD1 
C O M M O N / S T M / P ( 1 7 ~ ~ 7 ) ~ P S I ( l ~ ~ l 7 ) , Q ( 1 7 r 1 7 ) ~ H ~ ~ ~ l 7 ~ ~ R ( 4 ~ 4 ~ ~ A K ~ ~ ~ ~ ~ ~  
B I P B ( ~ ~ , ~ ~ ) ~ P S I P ( ~ ~ , ~ ~ ) , H P H R ( ~ ~ ~ )  
C O M M O N / S T V E C / X I ( 1 7 ) ( X F ( 1 7 ) , N D I M , l f t U G t X B ( l 7 )  
COMMON/TIM /DATEJ~TRTMlrDELTMtFNTM,UNIVT,TRTMb 
C O M M O N / ~ R J / I S O I ~ ~ I ~ O ~ ~ F I S O I ~ ~ ~ C A ~ P ~ C A ~ ~ I C A ~ ~ R C A ~ ~ ~ ~ ~ R C A ~ ~ ~ ~ ~  
B S L B ~ 9 ~ ~ A V A R M ~ 1 2 ~ ~ I A M N F , A R E S ~ 2 O ~ ~ A P R O ~ 2 O ~ ~ A A L P ~ 2 O ~ ~ A B E T ~ 2 0 ~  
B A N O I S ( 1 7 ) r R E S ( 4 ) , E Y ( 4 ) r A Y ( 4 ) , A R ( 4 r 4 ) , 2 1 ( 1 7 ) ~ A D E V X B ( l 7 )  
B R C A ~ ~ ~ ~ ~ R S O I ~ ~ ~ ~ ~ R S O I ~ ~ ~ ~ , R S O ~ ~ ~ ~ ~ I V S O I ~ ~ ~ ~ ~ V S O I ~ ~ ~ ~ ~ V S O I ~ ~ ~ ~ ~  




B R S I ( ~ ) ~ V S I ( ~ ) ~ D S I ~ I S P H I R V ~ ( ~ ) , V M U , B I B D T ~ B D R I D E L T H ~ T I M I N T ~ I N C M T ~  
B I E P H E M P I C L P I P R I N T ~ R E ( ~ ) ~ R T P ( ~ ~ ~ I C L ~  
COMMON / C O M / V ( 1 6 , 7 ) r F ( 4 4 $ 4 ) r P I , R A D  
COMMON /COM/ITRAT~KOUNT*INCMNT,INCPR,INCPRP~NC~I~R 
C O M M O N / C O M / N B O ~ Y I ~ N B O ~ Y ~ I P R T ( 4 )  
C O M M O N / B L K / T , P M A S S ( l l ) r C N ( 8 O ) ~ S T ( 5 O ) ~ E M N ( l ~ ) ~ S M J R ( ~ 8 )  
COMMON / B L K / R A D I U S ~ ~ ~ ~ ~ R M A S S ~ ~ ~ ~ F N O ~ ~ ~ ~ ~ E L M N T ~ ~ O ~ ~ S P H E R E ~ ~ ~ ~ ~ X P ~ ~ ~  
COMMON /PRT/MOhTH(12)rPLANET(ll) 
DIMENSION SCHED(50rS),MEAS(50),AP(50),DATE(l l )  
DIMENSION T1(20)rT2(20)rT3(2O)#T4(20) 
DIMElvSION M E R C U R Y ( ~ ) F V E N U S ( ~ ) , E A R T H ( ~ ) , M O O N ( ~ ) , M A R S { ~ ) , S A T U ~ N ( ~ ) ,  
COMMON/COM/KL~IPG~LINCTPLINPGE 
27 7 




DATA MDNM/lOHTRAJECTORY v IOHTARGETING   OH ERROR ANAL P 
5lOHSIMULATIONvlOH MOUE P lOHMODE r10HYSIS MODE P 
BlOH MODE / 
DATA EVNM/lOHEIGENVALUE~lOHPREDICTIONIlOHG~IDANCE v10HQ-LINEAR 
DATA MNNAME/lOHRANGE (EARvlOHRANGE-RATEvlOHRANGE (STAv 
BlOHRAhGE-RATEvlOHRANGE (STAI~OHRANGE-RATEvlOHRANGE (STAv 
BlOHRANGE-RATEtlOHSTAR PLANEelOHSTAR PLANEtlOHSTAR PLANEP 
BlOHAPPARENT Pv10HTH-CENTEREvlOH (EARTH-CEV~OHTION NUMBEv 
BlOH (STATION PlOHTION NUMBEvlOH (STATIOhl t10HTION NUMBEr 
BlOH (STATION v10HT ANGLE N U P ~ O H T  ANGLE NUt1OHT ANGLE Nut 
BlOHLANET DIAMtlOHDe e e et1OHNTERED 9 eP1OHR 1) e 
BLOHNUMBER 1). v10HR 2 )  e e etlOHNUMBER 2)etlOHR 3) r * e )  
BlOHNUMBEH J)o,lOHWBER 1 * ~ P ~ O H M B E R  2 e .vIOHMBER 3 9 1  
BlOHETER o * e /  
DATA CMPNM/ll*lOHRX II*IOHRY rll*lOHRZ ? 11* 
BlOHVX P ll*1oHVY e 11*1OHVZ v 10H t lOHR 
BADIUS 1 v10HMU OF SUN v10HRANGE BIAStlOHA BIAS v3*1OHRADIUS 1 
B rlOHMU OF SUN PlOHRANGE EIASv1OHRADIUS 1 rlOH 9 lOMLATIT 
BUDE 1PlOHMU-TARG PLvlOHR-RAT 8IASvlOHECC BIAS P~*~OHLATITUDE 1 ~ 1 0  
BHMU-TARG PLvlOHR-RAT BIASrlOHLATITUDE lrlOH r10HLONG 1 
4; t10H rlOHSTAR ANG 1~10H1NC BIAS ,3*1OHLONG 1 e10HA B 
BIAS ,lOHSTAR ANG 1rlOHLONG 1 v 3*1 OH F~OHSTAR ANG 2, 
BlOH v10hRADIUS 2 v10HMU OF SUN v10HRANGE BIASvlOHECC BIA 
BS PlOHSTAR ANG 2v10HMU OF SUN ~3*10H rlOHSTAR AN6 3 ~ 1 0 H  
B r10HLATITUDE EtlOHMU-TARG PLvlOHR'RAT BIASvlOHINC BIAS 
BlOHSTAR ANG 3tlOHMU-TARG PLt3*1OH p10HAPP DIAM ~ 1 0 H  
B v10HLONG 2 r 10H v10HSTAR ANG lvlOH e lOHA 
BPP DIAM PIOHRANGE B I A S P ~ * ~ O H  t10HRADIUS 3 ~ 1 0 H  
S rlOHSTAR ANG 2 ~ 1 0 H  p10HA BIAS v10HR-RAT B I A S P ~ * ~ O H  
B rlOHLAfITUDE 3 ~ 1 0 H  vlOHSTAR ANG 3vlOH v 10 
BHECC BIAS VLOHSTAR ANG 1v5*10H v lOHLONG 3 v 10H 
VIOHAPP DIAM rlOH p10HINC BIAS PIOHSTAR ANG 2,10*10H 
si rlOHSTAR ANG 3~10*10H e10HAPP DIAM / 
NAMELIST /TRAJ/ XIIICOOR,LMO~LDAYPLHR~LMIN,SECLPLYR,IMOII~AYVIHRP 
~ I M I N ~ S E C I ~ I Y R ~ A L N G T H I T M , N T M ~ N T M ~ ~ ~ ~ O D P N ~ ~ A C C ~ D E L T P P I N P R P T R T M ~ P R D S F P H I ~  
E T H E T A ~ V E L ~ G A ~ M A ~ S I G M ~ ~ I S P ~ P I E P H E M P M E R C U R Y ~ ~ E N U S ~ E A R T H P M A R S ~ S A ~ U R N ~  
~URANUSPNEPTUNEPPLUTO~MOONPJUPITER~IPRINT 
B I D A Y ~ I H R ~ I M I N P S E C I ~ I Y R I A L N G T H ~ T M ~ N T M C ~ N B O D ~ N B ~ A C C ~ D E L T P ~ I N P R ~ N E N T ~  
B N E Y ~ ~ N E U ~ ~ N E V ~ ~ T ~ ~ T ~ ~ T P T ~ ~ T ~ ~ I C D ~ ~ P P ~ I S T M C ~ I D N F ~  DNCNPIMNFPMNCNP 
~ N S T ~ S A L ~ S L A T ~ S L O N ~ I E I G I I H Y P l ~ T R T M l ~ R D S ~ P H I ~ T H E T A ~ V E L ~ G A M M A ~  
B S I G M A ~U1~U2~U3~V1~V2rV3,WPIW2~W3rFACP~FACV~ISP2~ICD~3vS~GRES~~IGPR 
B O ~ S I G A L P ~ S I G B E T ~ F O P P I E P H E M ~ ~ ~ R C U R Y ~ V E N U S ~ E A R T H ~ M A R S ~ J U P I T E R ~ S A T U R N  
B~DELAXSPDELECCIDELICLIDELMUP~DELMUS 
NAMELIST /SMLTN/ X I I I C O O R ~ I A U G ~ L M ~ ~ L D A Y ~ L H R ~ L M I N P S E C L I L Y R ~ I M O ~  
B I D A Y ~ I H R ~ I M I N ~ S E C I ~ I Y R I A L N G T H I T M I N T M ~ ~ T M C ~ N B O D ~ N B ~ A C C ~ D E L T P ~ I N P R ~ N E N T P  
B N E W l ~ N E V 2 r N E W 3 v T l ~ T 2 , T P T 2 ~ T 3 v I C D T 3 r P , I S T M C ~ I D N F ~  D CNvIMNFtMNCN, 
B N S T ~ S A L ~ S L A T ~ S L O N I I E I G , I H Y P ~ ~ T R T M ~ P R D S ~ P H I ~ T H E T A P V E L ~ G A M M A ~  
B S I G M A ~ U ~ ~ U ~ I U ~ ~ V ~ P V ~ , V ~ ~ W ~ ~ W ~ ~ ~ ~ ~ F A C P ~ F A C V ~ I S P ~ ~ I C D Q ~ P S I G R E S ~ ~ I G P R  
BOISIGALPISIGBETPFOP,IEPHEMVMERCURY,VENUS~EARTH~MARS~JUPITER~SATURN 
BIDELAXS~DELECCIDELICL~DELMUPPDELMUSIBIA~NE~~PT~~ADEWXIDMUSB~DMUPB~ 
B T T I W ~ ~ T T I M ~ ~ U N M A C P S L B , D I B ~ Z A M N F ~ A V A R M P N B O D ~ P N B ~ ~ A C C ~ ~ D A B ~ D ~ B  
SvARESeAPROvAALPvABET 



















WRITE(6t5000) I P H O @ ( M D N M ( I T R , K ) r K = 1 , 2 )  
















CALL T I M E ( D A T E J ~ L Y R t L M O ~ L D A Y r L H R t L M I N , S E C L , U )  
CALL TIMELFNOT P I Y R P I M O ~ I D A Y P I H R ~ I M I N , S E C I ~ O )  
FNTMZFNDT-DATEJ+TRTMl 
WRITE(6r5016) LMOPLDAYPLHRPLMINPSECLPLYRVD 





GO TO (17~18e19) ICOOR 
WRITE(6~50311 (X~(I)PI=~PNDIM) 
GO TO 31 
WHITE(6t5032) (XI(I~PI=~PNDIM) 
GO TO 31 
WRITE(6r5033) (XI(I)eI=1vNDIM) 








CALL C O N V E R T ( R D S P P H I ~ T H E T A , V E L I G A M M A , S I G M A , X I ( ~ ) P X I ( ~ ) ~ X I ( ~ ) ~ X I ( ~ )  




































DO 51 I = ~ P N B O D  
J=NB ( I 1 
WRITE(6~50511 PLANET(J1 








IF(IEPHEMeNE*O) GO TO 80 
WRITE(6r2006) 
FORMAT (/////lX P 130 1H*) ///!55X*MEAN ORBITAL ELEMENTS*///3X*PLANET*l 
DO 60 I=ltll 
DATE(I)=FNDT 




CALL T I M E ( D A T E ( ~ ) , M E R C U R Y ( ~ ) ~ M E R C U R Y ( ~ ) ~ M E R C U R Y ( ~ ) F M E R C U R Y ( ~ ) ?  
$ X P ( 3 ) r X P ( 4 ) , X P ( S ) , X P ( 6 ) r E P S I I C O O R )  
~ ~ X I * A * ~ ~ X * E * ~ ~ ~ X * I * ~ ~ X * N O D E * ~ ~ X * O M E G A * ~ ~ X * P E R I ~ ~ ~ X * D A T E * / / ~  
IF(MERCURY(I)*EQ~O) GO TO 61 
BMERCURY(4) ~sEC80) 
IF(WEMUS(1) eEQ.0) GO TO 62 
SEC=WENUS(5) 
CALL T I M E ( D A T E ( 3 ) , V E N U S ( 6 ) ~ W E N U S ( l ) r V E N U S ( 2 ] r V E N U S ( 3 ) ~ V E N U S ( 4 ) ~ S E C  
$ I O )  
IF(EARTH(1) eEQ.0) GO TO 63 
SEC=EARTH(5) 
CALL T I M E ( D A T E ( ~ ) , E A R T H ( ~ ) , E A R T H ( ~ ) P E A R T H ( ~ ) ~ E A R T H ( ~ ) ~ E A R T H ( ~ ) ~  
3SEC P 0 1 
IF(MARS(1) eEQ.0) GO TO 64 
SEC=MARS(5) 
CALL T I M E ( D A T E ( ~ ) ~ M A R S ( ~ ) , M A R S ( ~ ) , M A R S ( ~ ) , M A R S ( ~ ) ~ M A R S ( ~ ) ~ S E C I O )  




IF(SATURN(1) eEQ.0) GO TO 66 
SEC=SATURN(5) 
CALL TXME(DATE(7) ,SATURN(6) ,SATuRN(l )rSATURN(2)~SATURN(3)~ 
SSATURN(4)rSECpO) 
IF(URANUS(1) r E Q * O )  GO TO 67 
SEC=URANUS(5) 




IF(NEPTUNE(1)eEQeO) GO TO 68 
BNfPTUNE(4)@SECrO) 
IF(PLUTO(1) eEQ.0) GO TO 69 
SEC=PLUT0(5) 
CALL T I M E ~ D A T E ~ l O ~ ~ P L U T O ~ 6 ~ r P L U T O ~ l ~ r P t U T O ~ 2 ~ ~ P L U T O ~ 3 ~ ~ ~ L U T O ~ 4 ~ ~  
BSEC I 0) 
69 IF(MOON(1) sEQ.0) GO TO 74 
SEC=WOON(5) 
CALL T I ~ E ( ~ A ~ E ~ ~ l ~ ~ M O O N ~ 6 ~ r M O O N ~ l ~ ~ M O O N ~ 2 ~ , M O O N ~ 3 ~ t M O O N ~ 4 ~ t S E C t O ~  
J=NB ( I 
CALL ORB(JtDATE(J)) 
CALL TIME ( D A T E ( J ) ~ I Y R ~ I M O t I D A Y , I H R , I M I N , S E C I t l ~  
GO TO ~ 7 0 r 7 1 ~ 7 1 ~ 7 1 r 7 1 ~ 7 1 ~ 7 1 ~ 7 1 ~ 7 1 ~ 7 1 ~ 7 2 ~ r J  
WRITE(6r1006)PLANET( J ) ~ E L M N T ( I L + ~ ) ~ E L M N T ( I L + ~ ) P E L M N T ( I L + T ) ~  
74 00 70 I=lrNBOD 
71 IL=8*(J-2) 
* E L M N ~ ~ I L + 2 ~ ~ E L M N T ~ I L + 3 ~ t E L M N T ~ I L + 7 ~ ~ I M O ~ I D A Y ~ ~ H H ~ I M I N t S E C I ~ I Y R  
1006 F O R M A T ( ~ X A ~ ~ P ~ X ~ ( E ~ S . ~ ~ ~ X ) P ~ I ~ P F ~ ~ ~ ~ I ~ )  
72  WRITE(6e1005) P L A N E T ( l l ) r E L M N T ( 7 8 ) , E L M N T ( 7 6 ) ~ E L M N T ( 7 3 ) t E L M N T ( 7 4 ) t  
GO TO 70 
* E L M N T ( ~ ~ ) ~ I M O ~ I D A Y I I H R I I M I N , S E C I , I Y H  




1007 FORMAT(/BX*ORBITAL ELEMENTS NILL BE CALCULATED AT EVERY TIME INTER 
WRITE(6t1008) 









IF(NTMC*NE.2) GO TO 95 
IF(IPRINT.NEIO) GO TO 91 
wRITE(6~5039) 
GO TO 92 
WHITE(6v5040) 
WRITEt6~5041) 























BS I2=0 0 
BS I3=0 e 
BDTS I1=0 * 
BDTSI2=0 
BfJTSI3=0* 




















































K = O  
ANINZAP ( 1) 
IROW=1 
DO 255 I=2~4 







GO TO (256t257~258~259)r IROW 
11=11+1 
AP(l)=Tl(Xl) 
IF(I1.LE:NEVl) GO TO 251 
AP(l)=ltESO 
ICNT=ICNT+1 
GO TO 260 
12=12+1 
AP(2)sT2(12) 
IF(IZrLEeNEV2) GOT0 251 
AP(2)=1.E50 
ICNT=ICNT+l 
GO TO 260 
I3 = I3+1 
AP(3)=T3(13) 
IF(I3tLE.NEV3) GO TO 251 
AP(3)=1.E5O 
ICNT=ICNT+l 
GO TO 260 
I4=14+1 
AP(4)=T4(14) 
IF(I4rLErNEV4) GO TO 251 
AP(4)=1tE50 
ICNT=ICNT+l 































GO TO (262r263~264~2651, 
Nl=N1+1 
WRITE(6r5006) TEW(I)pEVNM(J) 
GO TO 261 
N2=N2+1 
WRITE(6r5045) TEV(I)rEWNM(J),TPT2(N2) 
GO TO 261 
~ 3 = ~ 3 + 1  
WR1TE(6~5046) TEW(I) ,EVNM(J)r ICDT3(N3r, ICDQ3(N3) 
GO TO 261 
N4=N4+1 
WRfTE(6r5006) TEW(I)rEWNM(J) 




DO 266 I=l@NEV 
CONTINUE 










GO TO 26 
WRITE(6t5009) 




00 27 I=l,NDIM 




IF(IDNF) 3 6 ~ 3 5 ~ 3 6  
WRITE(6r5024) 
GO TO 37 
WRITE(6r5025) DNCN 
IF (IMNF) 41r43r41 
WRITE(6r5029) ( ( M N N A M E ( I , J ) r J = l t 3 ) r M N C N ( I ) , I = l r l 2 )  




DO 271 I=lrNST 
IF(TEV(I)eGTeFNTM) GO TO 267 
IF(ISTMCvNE.0) GO TO 34 


















5 0 0  
1550 
287 
5000 F O R M A T ( l H l r 4 X * I  PJ P U T D A T A F 0 R P R 0 B L E M e e e *  
5016 FORMAT( /8X*LAUNCH D A T E *  ~ O X P ~ I ~ ~ F ~ ~ ~ ~ I ~ ~ ~ X * J U L I A N  D A T E  e * 
5017 F O R M A T ( / B X * F I N A L  D A T E * l l X ~ 4 1 3 ~ F 7 ~ 3 ~ I S , S X * J U L I A N  D A T E  * F 1 6 * 8 )  
5018 F O R M A T ( / 8 X * I N I T I A L  TRAJECTORY T I M E  =*F10.4) 
5002 F O R M A T ( / B X * N O M I N A L  TRAJECTORY CODE. e . * I21 
5004 FORMAT( lOX*FROM*F8 .2*  D A Y S  TO*F8.2*  DAYS, E V E R Y * F 8 e 2 *  DAYS, MEASUR 
B I 5 / / / / 7 X * M O D E  TO BE EXECUTED. o v * 2 A 1 0 )  
BF16 e 8 1 
5003 FORMAT(/BX*MEASUREMENT SCHEDULE*)  
$E CODE*XS) 
B E V E N T  I N F O R M A T I O N * )  
5005 F O R M A T ( / 8 X * E V E N T  S C H E D U L E * / l O X * T I M E  O F  E V E N T * l O X * E V E N T * l O X  
5006 F O R M A T ( ~ ~ X F F ~ ~ ~ P ~ O X V A ~ O )  
5007 F O R M A T ( / l O X * F O R  E I G E N V A L U E  EVENTS, THE S I G M A  L E V E L  O F  THE H Y P E R E L L  
5008 F O R M A T ( ~ H + ~ ~ ~ X P * K  = 1*) 
5009 F O R M A T ( l H + r 7 3 X v * K  = 3*)  
5010 F O R M A T ( I H + P ~ ~ X I * K  =I AND K = 3*) 
5011 F O R M A T ( l H 1 )  
5013 F O R M A T ( / 8 X * I N I T I A L  S T A T E  VECTOR*) 
5015 F O R M A T ( / 8 X * I N I T I A L  C O V A R I A N C E  M A T R I X * )  
5019 F O R M A T ( / 8 X * S T A T I O N  L O C A T I O N  CONSTANTS*)  
B I P S O I D  IS*)  
5014 F O R M A T ( I O X P ~ E ~ O ~ ~ I  
5020 F O R M A T ( 1 O X * S T A T I O N  NO" * X l r S X * A L T I T U D E  = * E ~ ~ ~ ~ P ~ X * L A T I T U D E  = * 
B E ~ ~ ~ ~ P S X P * L O N G I T U D E  = *E15.8) 
5021 F O R M A T ( / 8 X * N O W I N A L  TRAJECTORY INFORMATION*~~1OX*BODIES T O  BE C O N S 1  
%DEREO* 1 
5022 F O R M A T ( / l O X * T A R G E T  PLANET.  a . * A 1 0 1  
5023 F O R M A T ( / B X * U N I T S * / l O X  E15e6* /AIUI*20X,E15.8* /~AY*)  
5025 F O R M A T ( / B X * D Y N A M I C  N O I S E  C O N S T A N T S * / l O X 6 E 2 0 * 1 2 )  
5024 F O R M A T ( / 8 X * D Y N A M I C  N O I S E  IS ZERO*)  
5027 F O R M A T ( l O X * N U ~ E R I C A L  D I F F E R E N C I N G  INFORMATION*/10X*P0SITION FACTOR 
B * E 1 5 r 8 / 1 0 X * V E L O C I T Y  FACTOR *E15r8) 
5028 F O R M A T ( / B X * S T A T E  T R A N S I T I O N  M A T R I X  CODE e * e *  12) 
5029 FORMAT(/8X*MEASUREMENT N O I S E  I S  C O N S T A N T * ~ ~ ( / ~ O X P ~ A ~ O ~ E ~ O ~ ~ ~ ) )  
5031 F O R M A T ( l O X * H E L I O C E N T R I C  E C L I P T I C  COORDINATES*/(10XE20.8)) 
5033 F O R M A T ( l O X * G E O C E N T R I C  E C L I P T I C  C O O R D I N A T E S  * , k ( l O X E 2 0 . 8 ) )  
5030 FORMAT(/8X*MEASUREMENT N O I S E  IS TO BE C A L C U L A T E D * )  
5032 FORMAT(1OX*GEOCENTRIC E Q U A T O R I A L  COOROINATES*~(lOXE20~8)) 
5034 FORMAT(23X*RDS*17X*PHI*l6X*THETA*l6X*VEL*l6X*GAMMA*l5X*SIGMA*/ 
5035 FORMAT( /BX*NO MEASUREMENTS*) 
5036 FORMAT( /BX*NO E V E N T S * )  
5037 FORMAT( /BX*EPHEMERIS  I S  TO BE UPDATED EVERY*F lO .3*DAYS* )  
5038 FORMAT( /8X*AUGMENTATION CODE, e e e * * I 3 1  
5039 FORMAT( /8X*OUTPUT FROM V I R T U A L  MASS PROGRAM WILL BE P R I N T E D  A S  USU 
5040 F O R M A T ( I 8 X  *OUTPUT FROM V I R T U A L  MASS PROGRAM WILL BE SUPPRESSED A T  
5041 F O R M A T ( / B X * V I R T U A L  MASS PROGRAM WILL I N T E G R A T E  UNTIL R E A C H I N G  A NO 
5042 F O R M A T ( / 8 X * V I R T U A L  MASS PROGRAM WILL STOP I N T E G R A T I N G  UPON R E A C H I N  
8 1 0 X 6 E 2 0 e 8 1  
B A L * )  
B I N I T I A L  AND F I N A L  5 T E P S * )  
B R N A L  S T O P P I N G  C O N D I T I O N * )  
BG SPHERE OF INFLUENCE OF TARGET PLANET*) 
5043 FORMAT(/8X*ACCURACY F I G U R E .  e e e e*E12.5) 
5044 F O R M A T ( / 8 X * P R I N T  I N f E R V A L S * / l O X E 1 2 r 5 r *  D A Y S * I l O X I I O *  INCREMENTS* )  
5045 F O R M A T ~ ~ ~ X ~ F ~ ~ ~ ~ ~ O X ~ A ~ O F ~ O X * P R E D I C ~ I N G  T O  T I M E * F 7 . 2 1  
5046 F O R M A T ( 1 ~ X ~ F 8 . 3 ~ l O X ~ A ~ O ~ l O X * G U I D A N C E  P O L I C Y * I S * t  E X E C U T I O N  ERROR C 
sODE*  15) 
5047 F O R M A T ( / 8 X * N O l E ~ ~ O N L Y  T H E  F I R S T  *I5* MEASUREMENTS WILL BE I N C L U D E D  
B IN T H E  A N A L Y S I S  S I N C E  THE OTHERS DO N O T  OCCUR UNTIL A F T E R  T H E  F I N  
288 
5048 
5 0 4 9  
5050  
5 0 5 1  
5052  
5 0 5 3  
5 0 5 4  
5 0 5 5  
5056 
5 0 5 7  
5 0 5 8  
5 0 5 9  
BAL TIME*) 
FORMAT(/BX*NOTE--ONLY THE F IRST * I5 *  EVENTS WILL BE INCLUDED I N  TH 
BE ANALYSIS SINCE THE OTHERS DO NOT OCCUR U N T I L  AFTER THE F I N A L  T IM 
BE* 1 
FORMAT(/BX*ACTUAL DEVIATION OF STATE VECTOR AT I N I T I A L  TIME*/ 
FORMAT(/BX*ACTUAL THAJECTORY INFORMATION*//lOX*BODIES TO BE CONSID 
FORMUT(12XtAlO) 
FORMAT(/BX*ACTUAL MEASUREMENT BIASES*12(/10X3AlO~E20~12)) 
FORMAT(/BX*OYNAMIC CONSTANT BIASES TO BE USED I N  THE DETERMINATION 
5 ( 1 0 X ~ E 2 0 * 8 ) )  
BERED*) 
FORMAT(/BX*ACCURACY FIGURE FOR ACTUAL TRAJECTORY. * * E 1 2 * 5 )  
B O F  THE ACTUAL TRAJECTORY* /1OX*GRAVITATIONAL CONSTANT OF SUN. e e 
8 .  e .*E2Oe13/1OX*GRAVITATIONAL CONSTANT O F  TARGET PLANET. **E200 
B13/10X*SEMI-MAJOR AXIS  OF TARGET PLANET e **E20e13/  
B lOX*ECCENTRICTTY OF TARGET PLANET. a s * s e*E20,13/ 
B lOX*INCLINATION OF TARGET PLANET e e e e e e . *E20*13)  
FORMAT(/BX*ACTUAL UNMODELLED ACCELERATION TO BE USED TO CALCULATE 
BTHE ACTUAL DYhAMIC NOISE BY THE FOLLOWING SCHEDULE*//69X*X*24X*Y* 
824X*Z* 1 
FORMAT(lOX*FROM*F8*3* DAYS THROUGH *FBe3* DAYS. * * 3 E 2 5 * 1 3 )  
FORMAT(/BX*tjIASES I N  LOCATIONS OF ROTATING STATIONS*//22X*ALTITUDE 
B*17X*LATITUDE*17X*LO~GITUDE*/lOX*l*3E25el3/lOX*2*3E25~l~/lOX*~* 
83E25.13) 
BSSUMED TO BE*/8X*THE SAME AS THE UNCERTAINTIES I N  THE MEASUREMENT 
BNOISE OF THE NOST RECENT NOMINAL*) 
FORMAT(/8X*THE UNCERTAINTIES I N  THE ACTUAL MEASUREMENT NOISE ARE A 
FORMAT(/BX*THE ACTUAL MEASUREMENT NOISE WILL BE CALCULATED FROM TH 
END 
















C O M M O & / C O N S T / O M E G A P E P S I N S T , S A L ( ~ ) ~ S L A T ( ~ ) ~ S L O N  
C O M M O N / M I S C / A C C ~ I D N F ~ I C O O R , I T R I I M N F P F A C P P F A C V U I S  A(12)vIPGN 
C O M M O N / ~ I M C N T / D M U S ~ ~ D M U P B F D A B ~ D ~ B ~ D I B ~ T T I M ~ ~ T T I M  
B S L B ( ~ ) P A V A R M ( ~ ~ ) ~ I A M N F , A R E S ( ~ O ) ~ A P R O ( ~ O ) P A A L P ( ~ O  
COMMON / S I M ~ / X I ~ ~ ~ ~ ~ ~ X F ~ ~ ~ ~ ~ P A D E V X ~ ~ ~ ~ P E D E V X ~ ~ ? ~ ~ W ~ ~ ~ ~ ~ Z ~ ~ ~ ~ P  
B A N O I S ( ~ ~ ) ~ R E S ( ~ ) ~ E Y ~ ~ ) , A Y ( ~ ~ ~ A R ( ~ P ~ ) , Z I ~ ~ ~ ~ ~ A D E V X B ~ ~ ~ ~  
C O M M O N / S T M / P ~ l 7 r l 7 ~ ~ P S I ~ l 7 ~ l 7 ~ ~ ~ ~ l 7 ~ l ~ ~ ~ H ~ ~ ~ l 7 ~ ~ R ~ 4 ~ 4 ~ v A K ~ l 7 ~ 4 ~  
B v P B ( 1 7 r 1 7 ) r P S I P ( 1 7 r 1 7 ) , H P H R ( 4 r 4 )  
C O M M O N / S T V E C / X I ( 1 7 ) ~ X F ( 1 7 ) , N D I M ~ I A U G I X B ( l 7 )  
COMMON/TIM / D A T E J I T R T M ~ P D E L T M I F N T M P ~ J N I V T ~ ~ R T M B  
COMMON/VM/NBOO~NB( l l ) ,NTP,ALNGTHITM,DLETPr INPRr IPROB~RC(6)~DC~ 
BRSI(~)~VSI(~)~DSIIISPHIRVS(~~~VMUIBIBDT~BDR~DELTH~TI~INT~INCMTP 
B X E P H E M ~ I C L V I P R I N T ~ R E ( ~ ) , R T P ( ~ ) ~ I C L ~  
IF(ICODEeNEe0) GO TO 30 
DO 5 I=lPNDIM 
DO 5 J=lPNDIM 
IF(IONF) 2 0 ~ 2 0 ~ 6  
DE=DELTM*TM*DELTM*TM 
DO 10 I=lv3 
QtI+Jv1+3)=DNCN(I)*R2 
RETURN 
DO 31 I=lrNDIM 
w ( x1=0 
TlzTRTMl 
T2=TRTMl+DELTM 
IF(TlrGTeTTIM1) GO TO 70 





Q( 1 1  J ) = O *  
Q(I,I)=DNCN(I)*D2*D2*.25 
W ( ~ ) = . ~ * U N M A C ( ~ P I ) * D ~ + W [ ~ )  





GO TO ( 2 0 ~ 5 1 ~ 6 1 ~ 6 2 v 8 1 ) ~  IC 




















GO TO 40 
70 IF(Tl.GT.TTIM2) GO TO 90 




GO TO 40 
I=3  
IC=5 
GO TO 40 
1=2 
1c=1 




















THIS SUBROUTINE IS RESPONSIBLE FOR THE LOGIC USED IN AN EIGEN- 
VECTOR EVENT. 







C O M M O N / C O N S T ~ / U ~ ~ U ~ , U ~ , V ~ ~ V ~ ~ V ~ ~ W ~ ~ W ~ ~ W ~ P F O P ~ F O V  
C O M M O N / E V E N T / M E V ~ T E V ~ 5 O ~ ~ I E V N T ~ ~ O ~ r I H Y P 1 r I E I G ~ T P T 2 ~ 2 O ~ r  
~ I C D T J ~ 2 0 ~ ~ N P E ~ N G E ~ I P O L , T I P O L , I C a Q 3 ~ 2 O ~ ~ S I G ~ E S r S I G P R O ~ S ~ G A L P ~ S ~ G B E T  
B P N E V ~ ~ N E V ~ P N E V ~ P N E V ~ , N Q E  
C O M M O N ~ M I S C ~ A C C ~ I D N F , Z C O O R ~ I T R ~ I M N F ~ F A C P ~ F A C V ~ I S P ~ ~ B I A ~ l 2 ~ r I P G N  
COMMON / N A M E / M D N M ( ~ P ~ ) ~ E V N M ( ~ ) ~ M N N A M E ( ~ ~ P ~ )  rCMPNM(llrl7) 
C O M M O N ~ S ~ M ~ P ~ 1 7 ~ l ~ ~ ~ P S I ~ l 7 ~ l 7 ~ r Q ~ l 7 ~ l ~ ~ ~ H ~ ~ ~ l 7 ~ ~ R ~ ~ r 4 ~ ~ A K ~ l 7 r 4 ~  
C O M M O N / S T V E C / X I ( ~ ~ ) ~ X F ( ~ ~ ) P N D I M * I A U G , X B ( ~ ~ )  
COMMON/TIM / O A T E J ~ T R T M ~ ~ D E L T M I F N T M I U N I V T I T R T M ~  
COMMON/TRAJCD/NTMC@ISTMC,ISTM~PDTMAX,NDACC~ACCND 
C O M M O N / T R J / I S O I 1 ~ I S O I 2 ~ I S O I 3 ~ I C A l r I C A 2 r I C A ~ ~ R C A ~ ~ 6 ~ r R C A 2 ~ 6 ~ r  
B,PB(17,17),PSIP(17,17),HPHR(4~4) 
~ R C A 3 ~ 6 ~ ~ R 5 0 1 1 ~ 3 ~ ~ R S 0 1 2 ( 3 ~ r R S 0 1 3 ~ 3 ~ t V S 0 1 1 ~ 3 ~ r V S 0 1 2 ~ 3 ~ r V S 0 1 3 ~ 3 ~ ~  
~TCA1~TCA2~TCA3~TSOIl~T~OI2,TSOI3,8SIl~~SI2~~SI3~BDTS3l~BDTSI2r 
BBDTSI3~8DRSI1 ,BDHSI2rBDRSI3  
C O M M O N ~ V M / N B O D ~ N B ~ ~ 1 ~ r N T P , A L N G T H I T M , D E L T P ~ I N P R ~ I P R O ~ r R C ~ 6 ~ ~ O C ~  
~ R S I ( ~ ) ~ V S I ( ~ ) P D S I ~ I ~ P H ~ R V S ( ~ ) ~ V N U I B , B D T ~ ~ D ~ ~ D ~ L T H ~ T I M I N T ~ I N C M T ~  






DO 5 I = 1 ~ 6  
XF (I )=RF (I) 
IPGN=IPGN+l 






WRITE (6~3002) TEVNeTRTMl 
LINES=LINES+5 
DO 6 I=lrNDIM 
IF(L1NESeLTeMAX-4) GO TO 1 
IPGN=IPGN+l 
WRIT€(6~3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) ~ T E V N ~ I P R O B ~ I P G N  
LINES9 
IF (NDIMIEQI~I GO TO 4 
WRITE (6~3013) I 
LINES=LINES+l 






















IF (LINES*LT*MAX08) GO TO 2 
IPGN=XPGN+l 
WRITE(6r3000) ( M D N M ( I T R r I ) r I = l r 2 ) r T E V N , I P R O B , I P G N  
LINES=g 
WRITE (6r3003) 
WRITE (6r3014) (Q(IfI)tI=lrMDIM) 
LINES=LINES+8 
CALL NAVM(lr1) 
IF(lINES*LT*MAX-9) GO TO 3 
IPGN=IPGN+l 
WRITE(6r3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) ~ T E V N ~ I P R O E ~ ~ I P G N  
L I NES=9 
WRITE(6r3004) TEVNrTRTMl 
LINES=LINES+S 






WRITE (6~3014) (P(IPJ)~J=~~NDIM) 
LINES=LINES+(NDIM-1)/6+1 
ICODE=O 
00 10 I=lr3 
DO 10 J=lt3 
PEIG(IrJ)=P(IrJ) 
K=0 
DO. 98 J=l e 3 
DO 98 IZlr3 
K=K+I 
VEIG(K)=P(IrJ) 
CALL J A C O B I ( V € I G ~ E G V ~ ~ E G V C T P ~ ~ F O P )  




WRITE (6~1006) (ItEGVL(I)vI=lr3) 
WRITE(6r1001) (Ie(EGVCT(IrJ)rJ=lt3)rr=lr3) 
LINES=LINES+16 
IF(IHYP1-2) 20r30r20  







IF(LINES~LTIMAX-~~) GO TO 41 
IPGN=IPGN+l 






DO 70 Izlr3 
00 70 J=lr3 
PfIG(I8J)=P(I+3Id+3) 
IF(LINES*LT* WAX-4) GO TO 8 















DO 99 &4,6 




WRITE(6r3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) P T E V N ~ I P R O ~ ~ ~ P G N  
L I NESEg 




GO TO 15 
TRTMlZTEVN 
DQ 90 I=ltNDIFvl 
XI(I)=XF(I) 
DO 100 IZlrNDIM 
DO 100 JZIPNUIM 
RHO(I,J)=PII,J)/SQRT(P(IrI)*p(J~J)) 
RHO(JPI)=RHO(IPJ) 





FORMAT(/ / /8X*CORRELATION COEFFICIENT MATRIX AT TIME OF EIGENVECTOR 
LXNES=LINES+S 
DO 104 I=lrNDIM 




IF(LINES.LT*MAX-16) GO TO 7 
(I v (EGVCT( IvJ) t J=1,3) v 1=1'~3) 
3 EVENT -0 *F8.3* DAYS*/) 
 LINES=^ 






FORMAT(///20X*POSITION E I G E N V E C T O R S * / ~ ( ~ ~ X I ~ P ~ E ~ ~ ~ I ~ / ) )  
2000 FORMAT(///20X*VELOCITY E I G E N V A L U E S * / ~ ( ~ ~ X I I ~ , E ~ ~ . ~ ~ / ) )  
2001 FORMAT (///20X*VELOCITY E I G E N V E C T O R S * J ~ ( ~ ~ X I ~ P ~ E ~ ~ O ~ ~ / ) ~  
3000 FORMAT(lHl//BX2AlO*-- EIGENVECTOR EVENT AT TRAJECTORY TIME *F12* 
3001 F O R M A T ( I O X A ~ O P E ~ O * ~ ~ )  
3002 FORMAT(///8X*STATE TRANSITION MATRIX -- PSI(*F12*3*~*F12*3*)*/) 
3003 FORMAT(///8X*DIAGONAL OF DYNAMIC NOISE MATRIX*/) 
3004 FORMAT(///BX*COVARIANCE MATRIX AT TIME OF EIGENVECTOR EVENT = 
83* DAYS*/BOX*PROBLEMo .*110,5X*PAGE* .*18///1X~130(1H*)//) 
B(*F12*3*v*F12*3*)*/) 
3006 FORMAT(BX*STATE VECTOR AT TIME *F12*3* DAYS*/) 
3014 F O R M A T ( ~ ~ X F ~ E ~ ~ ~ ~ )  















C O M M O N / C O N S T 2 / U 1 , U 2 r U 3 ~ V l ~ V 2 ~ V 3 r W l r W 2 r W 3 ~ F O P ~ F O V  
C O M M O N / E V E N T / N E V ~ T E V ~ 5 O ~ ~ I E V N T ~ ~ O ~ ~ I H Y P 1 ~ I E I G ~ T P T 2 ~ 2 O ~ ~  
~ I C D T ~ ~ 2 0 ~ ~ N P E ~ N G E ~ I P O L ~ I I P O L I I C D Q 3 ~ 2 O ~ ~ S I G R E S ~ S I G P R O ~ S I G A L P ~ S I G B E T  
B,NEVi,NEV2,NEV3,~EV4rNQE 
COMMON/MISC/ACC~IDNF1ICOOR,fTRIIMNFIFAC~~FACV~ISP2~BIA~l2~~IPGN 
COMMON /NAME/MONM(4rZ) ,EVNM(4)rMNNAME(l2~3) ,CMPNM(l l~ l7)  
COMMON / S I M 1 / X I 1 ~ 1 ~ ~ ~ X F 1 ~ 1 7 ~ , A D E V X ~ 1 7 ) , E D E V X ( 1 ~ ~ ~ W ~ l 7 ~ ~ Z ~ l 7 ~ ~  
COMMON /SIM2/NBl(ll),ACCl,NBODl 
C O M M O N / S ~ M / P ~ 1 7 ~ ~ ~ ~ ~ P S I ~ l 7 ~ l 7 ~ ~ ~ ~ l ~ t l ~ ~ ~ H ~ ~ ~ l 7 ~ ~ R ~ 4 ~ 4 ~ ~ A K ~ l 7 ~ 4 ~  
BrrB(17,17),PSIP(17,17)rHPHR(4,4) 
C O M M O N / S T V E C / X I ( ~ ~ ) ~ X F ( ~ ~ ) I N D I M , I A U G I X B ( ~ ~ )  
COMMONITIM /DATEJPTHTM~PDELTMIFNTM~UNIVTPTRTMB 
COMMON/TRJ/ISOI1~ISOI2~ISOI3,ICAlrICAl~ICA2~ICA~~RCA~~6~~RCA2~6~~ 
~ R C A ~ ~ ~ ~ ~ R S O I ~ ~ ~ ~ ~ R S O I ~ ~ ~ ~ , R S O I ~ ~ ~ ~ ~ V S O I ~ ~ ~ ~ I V S O I ~ ~ ~ ~ ~ V S O I ~ ~ ~ ~ ~  
~ T C A ~ ~ T C A ~ ~ T C A ~ ~ T S O I ~ ~ T S O I ~ P T S O I ~ ~ B S I ~ ~ B S I ~ ~ B S I ~ ~ B D ~ S I ~ ~ B D T S I ~ ~  
B B D T S I ~ ~ B D R S I ~ P B D R S I ~ ~ B D R S I ~  
C O M M O N / V M / N B O D ~ N B ( ~ ~ ) ~ N T P I A L N G T H I T N , D E L T P ~ I N P R ~ I P R O B ~ R C ( ~ ) ~ D C ~  
~ R S I ~ ~ ~ ~ W S X ~ ~ ~ ~ D S I F I S P H I H V S ~ ~ ~ , V M U , B , B D T ~ B D ~ ~ D E L T H I T I M I N T ~ I N C M T ~  
~ I E P H E M ~ I C L P I P R I N T V R E ( ~ ) , R T P ( ~ ) , I C L ~  
B A N O I S ( 1 7 ) r R E S ( 4 ) , E Y ( 4 ) r A Y ( 4 ) , A R ( 4 r 4 ) r Z 1 ( l 7 ) ~ A R E V X B ( l 7 )  
COMMON/TRAJCD/NTMCPISTMC~ISTM~PDTMAXINDACCVACCND 
DIMEIJSION R I ( 6 ) , R F ( 6 ) , R I 1 ( 6 ) r R F 1 ( 6 ) , R I 2 ( 6 ) , R F 2 [ 6 ) , D U M ( l 7 )  





DO 10 I = 1 ~ 6  
XF(I)=RF(I) 
DO 11 I=lPNDIIV; 
XFl(I)=XF(I) 
DO 12 I=1,6 
RFl(I)=RF(I) 
GO TO 30 
CALL NTM~RI1vKFlrNTMCe2) 





DO 50 I=lrNDIM 
DO 50 J=ItNDIM 
RHO(I,J)=P(IIJ)/SQRT(P(III)*P(JIJ)) 
RHO(JII)=RHO(IPJ~ 
DO 39 I=6#6 
RI2(I)=XIl(I)+ADEVX(I) 
CALL N T M ( R I ~ P R F ~ ~ N T M C I ~ )  







WRITE(6t3001) ( C M P N M ( I A U G ~ I ) t X F ( I ) ~ X F l ( I ) r Z ( I ) r I = 1 , N ~ I M )  
LINES=LINES+NDIM 
WRITE(6r3002) TEVNeTRTMl 


















DO 33 I=l?NDIM 
IPGN=IPGN+1 




WRITE(6r3014) ( P S I ( I ~ J ) P J = ~ ~ N D I M )  
LINES=LINES+(NDIM-1)/6+1 
IPGN=IPGN+l 











00 38 I=l,NDIM 
IF(L1NESoLTeMAX-4) GO TO 36 
IPGN=IPGN+1 
WRITE(6v3000) ( M D N M ( I T R e K ) r K = l r 2 ) r T E V N , I P R O B r I P G N  
L INES=9 






DO 43 I=1,6 
DO 45 I=l,NDIM 
DUM( I ) = O o  
00 45 J=lrNOIM 
DO 46 I=lrNDIM 
ICODE=O 
DO 60 I=193 
DO 60 J=1t3 
K=O 
DO 61 J=lr3 
DO 61 I=lr3 
K=K+1 
CALL JACOBI(VEIGrEGVLrEGVCTr3eFOP) 
IF(LINES*LT.MAX-16) GO TO 62 
IPGN=IPGN+l 
WRITE(6r3000) ( M D N M ( I T R I K ) ~ K = ~ ~ ~ ) ~ T E V N ~ I P R O B , X P G N  
LINESzg 
WRITE (6e1000) (11EGVL(I)r1=1r3) 
WRITF(6r1001) ( I r ( E G V C T ( I r J ) r J = l r J ) , I r l r 3 )  
LINEl=LINES+16 
IF(LINESeLT*MAX*4) GO TO 31 
IF(NOIM.EQ.6) GO TO 32 
IF(L1NESeLTeMAX-8) GO TO 34 
(MRNM(1TRrK) rK=lr2) rTEVNr IPROB, IPGN 
























IF(L1NESeLTeMAX-16) GO TO 71 
IPGN=IPGN+l 
297 
47 W R I T E ( 6 r 3 O O 9 ) ( E D E V X ( I ) , A D E V X ( I ) r I = l r N D I M ~  
L I  NES=L I NES+NO I M+7 
T R T M L Z T E V N  
00 140 I = l r N D I M  
X I 1  ( I) =XF 1 (I 1 
140 X I ( I ) = X F ( I )  
1000 F O R M A T ( / / / 2 0 X * P O S I T I O N  E I G E N V A L U E S * / ~ ( ~ ~ X I I ~ ~ E ~ ~ . I J / ) )  
1001 F O R M A T ( / / / 2 0 X * P O S I T I O N  EIGENVECTORS*/3(22XI2r3E25.13/)) 
2000 F O R M A T ( / / / 2 0 X * V E L O C I T Y  EIGENVALUES*/3(22Xlf2,E25.13/)) 
2001 FORMAT ( / / / 2 0 X * V E L O C I T Y  EIGENVECTORS*/3(22XI2,3E25.13/)) 
3000 FORMAT(1H1”//BX2AlO*--EIGENVECTOR E V E N T  A T  TRAJECTORY T I M E  *F12*3 
B* DAYS* /90X*PROBLEM*  . * 1 1 0 * 5 X * P A G E *  .* I8 / / / l X e 1 3 0 ( 1 H * ) / / )  
3001 F O R M A T ( ~ X A ~ ~ P ~ X ~ E ~ O ~ ~ O ~ ! ~ X ~ E ~ O ~ ~ O ~ ~ X , E ~ ~ . ~ O ~  
3002 F O R M A T ( / / / 8 X * S T A T E  T R A N S I T I O N  M A T R I X  -- PSI(*F8.3*t*F8.3*)*/) 
3003 F O R M A T ( / / / B X * D I A G O N A L  OF D Y N A M I C  N O I S E  M A T R I X * / )  
3004 F O R M A T ( / / / 8 X * C O V A R I A N C E  M A T R I X  A T  T I M E  OF E I G E N V A L U E  E V E N T  -- P(  
3006 FORMAT(BX*STATE V E C T O R * / / 2 2 X * O R I G I N A L  NOMINAL*7X*MOST RECENT N O M I N  
8*F8o3*?*F803*)*/) 
B A L * 1 3 X * A C T U A L * )  
3 0 U 7  F O R M A T ( / / / 8 X * A C T U A L  D Y N A M I C  N O I S E * / / ( 8 X E 2 0 * 1 0 ) )  
3009 F O R M B T ( / / / B X * U E V I A T I O N  I N  T H E  S T A T E  VECTOR FROM THE MOST RECENT NO 
3010 FORMAT(///8X*CORRELATION C O E F F E C I E N T  M A T R I X * / )  
3013 FORMAT( lOX*HOW * I 3 1  
B M I N A L  T R A J E C T O R Y * / ~ 1 5 X * E S T I M A l E D * l 3 X * A C T U A L * / ~ 8 X 2 E 2 0 ~ 1 0 ~ ~  
3014 F O R M A T ( 1 6 X 6 E 1 7 . 8 )  
RETURN 





































THIS SUBROUTINE DETERMINES THE MEAN ANOMALY (TRUE ANOMALY FOR 
MOON) AT A GIVEN TIME FOR EACH OF THE PLANETS AND USES THIS 
INFORMATION TOGETHER WITH THE MEAN ORBITAL ELEMENTS I N  -ORB- TO 
CALCULATE THE HELIOCENTRIC ECLIPTIC RECTANGULAR COORDINATES OF 
EACH OF THE PLANETS. 
ARGUMENTS 
I C  -- EPHEMERIS CODE 
=O THE COORDINATES OF THE PLANET ARE RETURNED 
I N  THE ARRAY F AS SHOWN BELOW 
F ( 4 * N O ( I ) - 3 t 1 )  = X 
F ( 4 * N O ( I ) - 3 @ 2 )  = Y 
F(4*NO( I ) -3 ,3 )  = Z 
F ( 4 * N O ( I ) - 2 r l )  = V X  
F ( 4 * N O ( I ) - 2 r 2 )  = V Y  
F ( 4 * N O ( I ) - 2 @ 3 )  = VZ 
=i THE COORDINATES ARE RETURNED IN AN’ ARRAY XP 
D -- DATE AT WHICH COORDINATES ARE TO BE DETERMINED 
N -- NUMBER OF BODIES FOR WHICH COORDINATES ARE TO BE 
DETEKMINEO 
WHERE I = l t N B O D Y I *  
COMMON / C O M / V ( l 6 @ 7 ) , F ( 4 4 r Y ) , P Z I R A D  
COMMON / C O M / I T R A T V K O U N T ~ I N C M N T , I N C P R ~ I N C ~ I P R  
COMMON/COM/NBODYIPNBODY~IPRT(~) 
C O M M O N / B L K / T ~ P M A S S ~ 1 1 ) , C N ~ 8 O ~ t S T ~ 5 O ~ t E M N ~ l ~ ~ ~ S M J R ~ l 8 ~  




F N ~ ( A P B P X ) = A + B * X  





DO 9 0 I J = l t N  
I J l = I d  
ITESTZO 
I = N O ( I J ) - l  
I F ( I ) 9 0 r 9 0 ~ 1 0  
GO TO ( 3 0 r 3 0 t 2 0 r 3 0 ~ 4 0 r 4 0 r 4 0 ~ 4 0 ~ ~ O t 8 0 ) I  




GO TO 50 
K=10*(1-5)+9 
IL=a* ( I - i )  




























THIS SUBROUTINE UPDATES THE FINAL VALUES O F  PRECEDING COMPUTING 
INTEHVAL TO SERVE AS I N I T I A L  VALUES FOR THE NEW STEP, DETERMINES 
THE DESIRED S I Z E  OF TIME INCREMENT ON THE BASIS OF TRUE ANOMALY OR 
REQUESTED PHINT TIME, AND ESTIMATES THE FINAL POSITION AND 
MAGNITUDE OF THE VIRTUAL MASS USING FORMULAS (111-16) I N  
NOVAK, 01 He -VIRTUAL MASS TECHNLQUE FOR COMPUTING SPACE 
TRAJECTORIES-, F INAL REPORT? CONTRACT NO, NAS 9-4370, 
ER 14045, MARTIN, BALTIMORE DIVISION, JANUARY? 1966, PG. 23. 




C O M M O N / B L K / T I P M A S S ( ~ ~ ) ~ C N ( ~ O ) , S T ( ~ ~ ) ~ E N N ( ~ ~ ) ~ S M J R ’ ( ~ ~ )  
COMMON / B L K / R A D I U S ~ l 1 ~ ~ R M A S S ~ l l ~ ~ N O ~ l l ~ ~ E L M N T ~ 8 O ~ ~ S P H E R E ~ l l ~ ~ X P ~ 6 ~  
COMMON /PRT/MONTH(12),PLANET(ll) 
INCMNT=INCMNT+l 
DO 361 I = l r 9 ~ 2  
DO 360 J = l r 4  
c INDEX VALUES IN v ARRAY 
360 V ( f , J ) = V ( I + l , J )  
361 CONTINUE 
IF(INCeEQ.0,) GO TO 370 
IF(INCMNT*EQ.INCMNT/INCPR*INCPR) KOUNT =1 
370 I T R A T z l  





SUBROUTINE EULMX (ALPPNNVBETPMMIGAMILLVP) 
ALP = F IRST ROTATfOFu ANGLE 
BET = SECOND ROTATION ANGLE 
GAM = THIRD ROTATION ANGLE 
NNvMMrLL = AXES OF ROTATION 
I F  NNpMMrLL ARE NEGATIVE = MINUS ROTATION 
I F  NN = - #  MINUS ROTATION ABOUT THAT AXIS  
IF MM = = - v  MINUS ROTATION ABOUT THAT AXIS  
I F  LL = - P  MINUS ROTATION ABOUT THAT AXIS  
P = LOCATION OF F IRST ELEMENT OF ROTATION MATRIX 
DIMENSIOIU A ( ~ ~ ~ ) , P ( ~ ~ ~ ) V F ( ~ P ~ ) , G ( J , ~ ) , H O , D ( ~ P ~ )  
N = 3  
ALPHA = ALP 
NAXIS = NN 
13 DO 1 0  I l e 3  
00 1 0  J = l r 3  
IF (NAX1S)  6 ~ 5 2 ~ 1 2  
6 ALPHA = -ALPHA 
NAXIS = -NAXIS 
10 A ( I v J )  = 0. 
12 GO TO ( 2 0 ~ 3 0 ~ 4 0 ~ ~ 3 ) v N A X X S  
5 3  RETURN 
2 0  A ( l r 1 )  = 1. 
A ( 2 t 2 )  = COS (ALPHA) 
A(2 t3)  = S I N  (ALPHA) 
A ( 3 ~ 2 )  = - A ( 2 r 3 )  
A (3 r3 )  = A ( 2 ~ 2 )  
GO TO 21 
30 A ( l r 1 )  = COS (ALPHA) 
A ( 3 ~ 1 )  = S I N  (ALPHA) 
A ( 2 ~ 2 )  = 1. 
A ( l e 3 )  2 - A ( 3 r l )  
A ( 3 r 3 )  = A ( l v 1 )  
GO TO 21 
4 0  A ( l r 1 )  COS (ALPHA) 
A ( 1 9 2 )  = S I N  (ALPHA) 
A ( 2 r l )  = - A ( l v 2 1  
A ( 2 t 2 )  = A ( l r l )  
A ( 3 ~ 3 )  = 1, 
DO 27 J = l r 3  
I F ( N - 2 )  2 6 ~ 2 4 ~ 2 2  
GO TO 27 
GO TO 27 
26 H ( I P J )  = A ( 1 r J )  
27 CONTINUE 
4 5 N = N * 1  
I F  (N-1) 5 0 ~ 4 8 ~ 4 6  
46 I F  (MM) 4 7 r 5 2 r 4 7  
4 1  NAXIS = MM 
ALPHA = BET 
GO TO 13 
48 I F  (LLI 4 9 ~ 5 1 ~ 4 9  
4 9  NAXIS = LL 
ALPHA = GAM 
GO TO 13 
DO 6 0  I = 1 ~ 3  
DO 6 0  J = l r 3  
21  DO 27 I = l e 3  
22 F ( I v J )  = A ( I P J )  












- 5  
SUBROUTINE GHA 
THIS SUBROUTINE COMPUTES THE GREENWICH HOUR ANGLE AND THE 
UNIViiRSAL TIME (IN DAYS) WHICH IS USED IN THE TRACKING MODULE 
TO OHIENT THE STATIONS ON THE EARTH 
COMMON/TIM /OATEJ,THTMlrDELTM,FNTM,UNfVT,TRTM~ 
EQMEG = 360.985608288 
REFJU=2433282* 5 
TSTAR=DATEJ+2415020*-REFJD 
EOMEG IS EARTH ROTATION RATE IN DEG/DAY 
REFERENCE JULIAN DATE IS 0-HRSPJAN-lr 1950 
ID = TSTAR 
W I D  
TFRAC=TSTAR-0 
IF(GH12~3r3 








































THIS SUBROUTINE COMPUTES-THE GAMMA MATRIX FOR USE I N  THE GUIDANCE 
MODULE 
INPUT ARGUMENTS 
RF -- POSITION AND VELOCITY OF SPACECRAFT AT TIME TEVN 
IGP -- GUIDAhCE POLICY CODE 
=1 -- FIXED TIME OF A R R I V A L  
=2 -- TWO VARIABLE B-PLAM , 
=3 -- THHLE VARIABLE B-PLANE 
TLVN -- TIWE OF GUIDANCE EVENT 
OUTPUT ARGUMENT 
GA -- GAMMA MATHIX 























IF(ISPHeEQ.1) GO TO 35 
W fi I T E ( 6 P 1 0 0 0 1 
GO TO 500 1 
TCA=DC-DATEJ 
D=TCA+DATEJ 
NO (1 1 =NIP  
CALL OREI(NTPtD) 
CALL EPHEM(l#D,l) 
DO 40 1 = 1 ~ 3  
XCA(l)=RC(I)+XP(I)*ALNGTH 
X C A ( I + 3 ) = R C ( I + 3 ) + X P ( I + 3 ) * A L N G T H / T M  
GO TO 70 
DO 60 1=1,6 
HI ( I  )=HF (I) 
DELTM=TCA-TLVN 
T HTM 1 =TE V N 
WR1TE(6~2000) TCAvRC 
L INESz21 
NO t 1) =NTP 
CALL ORB (NTP I US I 1 
CALL EPHEW(lvUSIv1) 
DO 100 I=lv3 
RFGI)=RSI(I)+XP(I)*ALNGTH 
R F ( I + 3 ) = L S I ( I ) + X P ( I + 3 ) * A L N G T t i / T M  
DELTM=DSI-DATLJ-TEVN 
CALL PSIM(R1~RFtISTMC) 
DO 102 I=lrNDIM 






DO 103 I=ltNDXM 
DO 103 J=ltNDIM 
W(IeJ)=PSI(IvJ) 
00 104 I=lrNDIM 
DO 104 J=lrNDIM 
00 104 KZlvNDIM 
P S I ( I ~ J ) = P S I ( I t J ) + Q [ I , K ) * P S I P ( K I J )  
IPGN=XPGN+l 
WRITE(6t3000) ( M D N M ( I T R ~ I ) ~ f = 1 ~ 2 ) r T E V N I I P R O B , X P G N  
LINESS 
WRITE (663002) TCAITEVN 
LTNES=LINES+S 
DO 72 I=lvNDIM 
IPGN=IPGN+l 




IF (LINESeLTeMAX-8 1 GO TO 71 























00 90 I=lt3 
00 90 JSlt3 
ADA (ItJ)=PSI(ItJ) 
ADA(IIJ+S)=PSI(I?J+~) 
CALL P A R T L ( R S I V V S I ~ B ~ V B D T ~ P B ~ R ~ ~ P B T ~ P B R )  
Do 91 J=lt6 
EM(ltJl=PBT(J) 
EM(2tJ)=PBR(J) 
GO TO 407 
IF (IIPOL) 240~2101240 
DELTMzFNTM-TEVN 













FQRMAT(///BX*VEHICLE DID NOT REACH SPHERE OF INFLUENCE BEFORE FINA 
GO TO 500 
W D S I  
NO ( 1) =NTP 
CALL ORB(NTPt0) 
CALL E P H E M ( ~ ~ D I ~ )  
DO 230 I = 1 ~ 3  







GO TO 260 
DO 250 I=lr6 
RI(I)=RF(I) 
CALL PAHTL(XSIP~XSIVeB1tBDTlt~DRlrPBTIPBTtPBR) 









TF(ISPHrNE*O) GO TO 225 
IF(ISPHaEQ.1) GO TO 221 
BL TRAJECTORY TIME.*/8X*RETUHNXNG TO BASIC CYCLE*///) 

















hrRITE ( 6 ~ 3 0 0 2 )  TSIvTEVN 
DO 267 I = l r N O I M  
IPGN=IPGN+1 
WRITE(6p3000) ( M D N M ( I T R I I ) P I = ~ ~ ~ ) ~ T E V N , I P R O B I X P G N  
I F  (LINESvLTeVAX-4 1 GO TO 2 6 8  
 LINES=^ 
I F  (NDIMmEQm6) GO TO 269 
WRITE(6t3003)  I 
LINES=LINES+l 
WRITE(6v3011) ( P S I ( I I J ) ~ J = ~ P N D I M )  
LINES=LINES+(NDIM-1)/6+1 
I F  (LINES.LTvMAX-7 1 GO TO 270 
IPGN=IPGN+l 
WRITE(6p3000) ( M D N M ( I T R I I ) ~ I = ~ P ~ ) P T E V N , X P R O B , I P G N  
L INES=9 
WRITE (6,3010)  PBTvPBR 
LINES=LINES+7 
UO 280 I=1,3 
A (1, I) = O I  
U B ( l , I ) = O *  
DO 280 J=1@6 
A(lrI)=A(lrX)+PBT(J)*PSI(J,I) 
BB( l , I )=BB( l , I )+PBT(J)*PSI(J , I+3)  
DO 290 I=1,3 
BB(2rI)=0. 
DO 290 J = 1 ~ 4  
A ( 2 , I ) = A ( Z r I ) + P U H ( J ) * P S I ( J , I )  
BB(2rI)=BB(Z,I)+PBR(J)*PSI(J,I+3) 
IPGN=IPGN+1 
k R I T E ( 6 r 3 0 0 0 )  ( M D N M ( I T R I I ) ~ I = ~ ~ ~ ) ~ T E V N , I P R O B , I P G N  
LINES=g 
WRITE (6,3006) ~ ~ A ~ I ~ J ~ ~ J ~ 1 ~ 3 ~ r I ~ 1 ~ 2 ~ , ( ( 8 8 ~ I I J ) r J ~ l ~ 3 ~ ~ I ~ l e 2 ~  
LINES=LINES+12 
DO 272 I = 1 r 2  
DO 272 J = l r 3 .  
A D A ( I P J + ~ ) = B B ( I P J )  
IF(LINESvLT*MAX-6) GO TO 273 
IPGN=IPGN+l 
WRITE(6r3000)  (MDNM( ITR, I ) , I= l r2 ) tTEVNIJPROBI IPGN 
LINES=g 
DO 274 I = l r 2  
DO 274 J = l r 2  
DO 2 7 4  K = l r 6  
DO 2 7 4  L = l r 6  




00 2 7 5  J = l r 2  
DO 275 I = l r 2  
KZK+1 
P B T ( K ) = P H I 3 ( I e J )  
A ( 2 ~ 1 )  =O. 
I F  (LINESeLTrMAX-12) GO TO 271 
ADA(IVJ)=A(IPJ) 
















IF(LINES.LT*MAX-16) GO TO 276 
IPGN=IPGN+l 
WRITE(6r3000)  (MDNM(ITRrI)eI=lr2)rTEVN,IPROBrIPGN 
L I N E S 9  
C A L L  JACOBI(PBTvEGVLvDUM1v 2 r F O V )  
WRITE(6e3013) ( I r E G V L ( I ) v I = l r 2 )  
WRITE(6v3017) ( I * (  D U M l ( I r J ) r J = 1 , 2 ) r I = l r 2 )  
I F ( f H Y P l I E Q I 2 )  GO TO 278 
IF(LINES.LT.MAX-~) GO TO 277 
IPGN=IPGN+1 
WRITE(6e3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ~ P T E V N I I P R O B , I P G N  
LINES=9 
C A L L  H Y E L S ( ~ P P H I ~ ~ ~ )  
LINES=LINES+B 
I F ( I H Y P l r E Q o 1 )  GO TO 2 8 1  
IF(LINES.LT*MAX-9) GO TO 279 
IPGN=IPGN+1 
WRITE(6r3000)  (MDNM(ITReI)~I=1v2)rTEVN,IPROB~IPGN 
C A L L  H Y E L S ( ~ P P H I ~ ~ ~ )  
LINES=g 
LINES=LINES+8 
DO 310 I = l r 2  
DO 310 J=1~2 
P H I 3 ( I @ J ) = O *  
DO 310 K = 1 ~ 3  
PH13(11J)=PHIJ(IrJ)+BB(I,K)*BB(JrK) 
C A L L  MATIN(PH13pPHI3r2) 
DO 320 I = l r 3  
DO 320 J = l r 2  
DO 320 K = 1 @ 2  
PHI2(1rJ )=PH12( IvJ )+BB(K, I ) *PHIJ(KIJ ]  
00 330 I = l r 3  
DO 330 J= le3 
DO 330 K = 1 9 2  
GA(IIJ)=GA(I,J)-PHI~(I~K)*A(KIJ) 
DO 340 I = 1 ~ 3  
DO 3 4 0  J = 4 r 6  
DO 340 K = l r 2  
G A ( I p J ) = G A ( I 1 J ) - P H I 2 ( I , K ) * B B ( K , J - 3 )  
IPGN=IPGN+l 
k i R I T E ( 6 ~ 3 0 0 0 )  ( M U N M ~ I T R r I ) r I = 1 e 2 ) r T E V N , T P R O i 3 r I P G N  
LINEs=9 
WRITE(6v3007) ( ( G A ( I r J ) e J = l r 6 ) , 1 = 1 , 3 )  
I I P O L = l  
GO TO 500 
C A L L  VARADA(RIVXSIPPXSIV ITEVN,TSI ,ADA,BS,BDTS~BDRS)  
WRITE(6r3OOS) T S I ~ X S I P P X S I V V B S V B D T S I B D R S  
C A L L  P A R T L ( X S I P I X S I V P B ~ ~ B D T ~ V B D R ~ ~ P B T I P B R )  
DO 4 0 8  J = l r 6  
E M ( l v J ) = P U T ( J )  
EM(2rJ)=PBR(J)  
WRITE ( 6 ~ 3 0 0 8 )  ((ADA(IeJ),J=1,6)rI=lr3) 
DO 4 0 1  I = l r 3  
DO 4 0 1  J=1@3 
PHI~(IIJ)=O. 
P H I 2 ( I p J ) = O .  
GA(IVJ)=O. 
G A ( I t J ) = O o  
I F  (LINESILTINAX-7 1 GO TO 3 4 1  
IF(ISPHIEQIO) GO TO 500 












1 0 0 1  FORMAT(///8X*CLOSEST APPROACH HAS BEEN PREVIOUSLY ENCOUNTERED*/ 
ISPHZO 




3000 FORMAT (lH1//8X2AlO*-- GUIDANCE EVENT AT TRAJECTORY TIME *F l2*3r  
38X*RETURNING T O  BASIC CYCLE*) 
8* DAYS*/90X*PROBLEMe **110,5X*PAGE* .*18///1X,13O(lH*)//)  
BROACH*/8X*POSITION*3E20~10/8X*VELOCITY*3E2O~lO~ 
8 *F1/2*3* DAYS TO THAT A T  TIME *F12*3* DAYS*/) 
2000 FORMAT( 8X*TIME OF CLOSEST APPROACH *F12*3//8X*AT CLOSEST APP 
3002 FORMAT(///BX*STATE TRANSITION MATRIX RELATING STATE VECTOR AT TIME 
3003 FORMAT(lOXv*ROW*I3) 
3004 FORMAT(///BX*GUIDANCE MATRIX---FIXED TIME OF ARRIVAL GUIDANCE POL1 
BCY*/3(3X6E20.10/)) 
3005 FORMAT ( 8X*TIME AT WHICH VEHICLE REACHES SPHERE OF INFLUENCE 
8 OF TARGET PLANET *F12*3* DAYS*//BX*AT SPHERE OF INFLUENCE*//8X*PO 
3SITION*3E20r10~8X*VELOCITY*3E20~10//8X*B = *E20*10~5X*B  DOT T = *E 
$20*10r5X*B DOT A = *E20*10)  
311 
3006 FORMAT (///8X*A*/2 (8X3E2O. 1 0 1  )8X*B*/2 (8X3E20 * IO/) 
3007 FORMAT(///8X*GUIUANCE MATRIX---TWO VARIABLE 8-PLANE GUIDANCE POLIC 
*Y*/3(0X6E20.10/)) 
3008 FORMAT(///8X*VARIATXON MATRIX*/3(8X6E20*10/)) 




3012 FORMAT(///BX*UNCERTAINTY IN TARGET CONDITIONS BEFORE CORRECTION*/ 
83(8X3EZOr10/)) 
3013 FORMAT(///20X*EIGENVALUES OF ABOVE MATRIX*/3(22XI2E20rlO/)) 
3014 FORMAT(///20X*EIGENVECTORS OF ABOVE NATRfX*/3(22XI2~3E20*10/~) 
3015 FOKMAT(///BX*SPHERE OF INFLUENCE HAS BEEN PREVIOUSLY ENCOUNTERED* 
3016 FORMAT(///8X*UNCERTAINTY IN TARGET CONDITIONS BEFORE CORRECTION*/ 
3017 FORMAT(///20X*EIGENVECTORS OF ABOVE MATRIX*/2(22X12~2E20.10/)) 


















4 0 1  
5 
1 
THIS SUBROUTINE CONTAINS THE L O G I C  FOR THE GUIDANCE EVENT, 






C O M M O N / C O N S T / O M E G A ~ E P S ~ N S T , S A 1 ( 3 ) r S L A T ( 3 ) r s L O N ( 3 ) ~ ~ N C N ( 3 ) ~ M N C N ( l 2 )  
C O M M O N / C O N S T ~ / U ~ ~ U ~ ~ U ~ ~ V ~ ~ V ~ ~ V ~ ~ W ~ ~ W ~ ~ W ~ ~ F O P P F O V  
COMMON/EVENT/NEVPTEV(~O) rIEVNT(50),IHYPlrIEIG,TPT2(2O)r 
3 I C D T 3 ~ 2 0 ~ ~ N P E ~ N G E ~ I P O L ~ I I P O L , X C D Q 3 ~ 2 O ~ r S I G ~ E S ~ ~ I G P R O r S I G A L P ~ S I G B E ~  
B ~ N E V ~ P N E V ~ ~ N E V ~ P N E V ~ ~ N Q E  
C O M M O N / G U I / P G ( 1 7 r l 7 ) r X G ( 6 ) , T G , E M ( 2 r 6 )  
C O M M O N ~ M I S C / A C C ~ I D N F , I C O O R I I I R I I M N F , F A C P ~ F A C V ~ I S P ~ ~ B I A ~ ~ ~ ~ I I P G N  
COMMON /NAME/VDNM(4r2) ,EVNM(4)rMNNAME(l2~3) ,CMPNM(l l , l7)  
C O M M O N / S T M / P ~ 1 7 r l 7 ~ r P S I ~ l 7 ~ l 7 ~ r Q ( 1 7 r 1 ~ ~ ~ H ~ ~ ~ l 7 ~ ~ R ~ 4 ~ 4 ~ ~ A K ~ l 7 r 4 ~  
C O M M O N / S T V E C / X I ( 1 7 ) , X F ( 1 7 ) , N D I M I I A U G , X B ( l 7 )  
COMMON/TIM /UATEJrTHTMlrDELTMtFNTMIUNIVT,TRTMB 
C O M M O N / T R A J C D / N T M C P T S T M C I I S T M ~ ~ D T M A X , N D A C C ~ A C C N D  
C O M M O N ~ T R ~ / I S O I ~ r I S O I 2 , 1 S O I 3 ~ I C A l ~ I C A 2 ~ ~ C A ~ ~ R C A ~ ~ 6 ~ ~ R C A 2 ~ 6 ~ ~  
B R C A 3 ~ 6 ~ ~ R S O I 1 ~ 3 ~ ~ R ~ O I 2 ~ 3 ~ , R S O I 3 ~ 3 ~ , V S O I ~ ~ 3 ~ ~ V S O I 2 ~ 3 ~ ~ V S O I 3 ~ 3 ~ r  
BTCA1~TCA2rTCA~~TSOI1,T50f2rTSOI2~TSOI~~BSIl~BSI2~BSI3~~RTSI~~6DT5I2~ 
BBDTSI3r8DRSIlrBDRSI2,8DHS13 
C O M M O N ~ V M / N B O D ~ N B ( l l ) r N T P , A L N G T H , T M , D E L T P ~ I N P R r I P R O B ~ f f C ~ 6 ~ ~ D C ~  
B R S I ~ ~ ) ~ V S I ( ~ ) ~ D S I I I S P H ~ R V S ( ~ ) ~ V M U I B I B D ~ ~ B D R ~ D E L T H ~ T I M I N T ~ I N C M T ~  
~ I E P H E M ~ I C L I I P R I N T ~ R E ( ~ ) , H T P ( ~ ~ ~ I C ~ , . ~  
B r P B ( 1 7 r 1 7 ) , P S I P ( 1 7 , 1 7 ) , H P H R ( 4 r 4 )  
DIMENSION R 1 ( 6 ) , G A ( 3 , 6 ) , S ( 3 r J ) , P 1 ( 1 7 , 1 7 ) t R F ( 6 ) , P 2 ( 6 ~ 6 )  






C A L L  NTM(RItHFtNTMCt1) 
ISPHC=ISPH 
DO 5 I=1,6 
X F ( I ) = R F ( I )  
IPGN=IPGN+l 
WRITE(6?3000)  ( M B N M ( I T R r I ) , I = l r 2 ) , T E V N ~ I P R O ~ ~ ~ ~ G N  
WRITE(6r3012) TEVN 
w R I T E ( 6 ~ 3 0 0 1 )  ( C M P N M ( I A U G I I ) ~ X F ( I ) , I = ~ , N D I M )  
LINES=LINES+NDIM+l 
C A L L  PSIM(RlvRFv1STMC) 
WRITE(6v3003) TEVNPTRTM1 
LINES=LINES+5 
UO 2 I = l r N D I M  
IF(LINES.LT.MAX-4) GO TO 1 
IPGN=IPGN+l 
WRITE(6v3000) (MDNM(ITR~I)~I=1~2lrTEVN~IPROBrIPGN 
I F  (NDIM.EQ.6)GO TO 13 
 LINES=^ 
 LINES=^ 





















WRIT€ (6~3005) (PSI(IVJ)PJ=~VNDIM) 
LINES=LINES+ITEMP 
CALL DYNO(0) 
IF(LINES*LTeMAX-8) GO TO 3 
IPGN=IPGN+1 




IF(L1NESeLTeMAX-8) GO TO 4 
IPGN=IPGN+1 
WRITE(6r3000) ( M ~ N M ( I T R ~ I ) ~ I = ~ P ~ ) P T E V N P I P R O ~ P ~ P G N  
WRITE (6~3007) TEVNPTRTMl 
LINES=LINES+S 
00 6 IZlvNDIM 
IF(LINES*LT*MAX-Y) GO T O  14 
IPGN=IPGN+l 
WRITE(6p3000) ( M D N M ( I T R P I ) P I = ~ ~ ~ ) ~ T E V N P I P R O B , I P G N  
L INE5=9 
IF (NDIMIEQ.~) GO TO 15 
WRITE (6e3004) I 
LINES=LINES+1 




K = O  
DO 200 J=1,3 





IF(LINES*LToMAX-16) GO TO 201 
IPGN=IPGN+l 
WRITE(6,3000) ( M D N M ( I T R ~ I ) ~ I = ~ ~ ~ ) P T E V N P I P R O B I ~ P G N  
L I NES=9 
WRITE(6r2000) (ItEGVL(I)rI=lr3) 
WRITE(6t2001) ( I P ( E G V C T ( I , J ) P J = ~ V ~ ) ~ I = ~ , ~ )  
LINES=LINES+16 
IF(IHYP1-2) 220~230r220 
IF(LINESILTIMAX-~~) GO TO 221 
IPGN=IPGN+1 





IF(LINES*LToMAX-16) GO TO 241 
IPGN=IPGN+l 
























DO 280 J=1i3 
DO 280 I=lr3 
K=K+l 1% 
S (  I P J) =P (1+3rd+3) 
VEIG(K)=S(ItJ) 
CALL JACOBI(UEIGPEGVLPEGVCTP~PFOV) 





WRITE(6v2003) ( I P ( E G V C T ( I ~ J I ~ J = ~ P ~ ) , I = ~ , ~ )  
LINES=LINES+16 
ICODE=l 
GO TO 210 
GO TO (300~310~320)~ ICODE2 
DO 10 I=~PNDIP 
00 PO J=lrNUIK 
Pl(IiJ)=P(IPJ) 
P(IPJ)=PG(I~J) 






IF(LlNES.LT*MAX-8) GO TO 7 
WRITiE(6~3000) (MUNM(ITRi1) PI=~,~)PTEVN~IPROE~~PGN 
LINESzg 
WRITE (6,30039 TEVNpTG 
LINES=LINES+S 
DO 8 I=lrNDIM 
IF(LINES*LT.MAX-4) GO TO 16 




WRITE (6~3005) (PSI(IPJ)PJ=~~NDIM) 
LINES=LINES+I?EMP 
CALL DYNO(O) 
IF(LINES*LTeMAX-8) GO TO 9 
IPGN=IPGN+l 







WRITE(6r3000) ( M D N M ( I T R P I ) ~ I = ~ P ~ ) ~ T E V N ~ I P R O B ~ I P G N  
LINES=g 
WRITE ( 6 ~ 3 0 0 8 1  TEUNiTG 
LINES=LINES*5 
DO 12 I=~PNDIEP 
IF(LINES*LT*MAX-4) GO TO 18 
IPGN=IPGN+l 
WRITE(6i3000) ( M D N M ( I T R ~ I ) ~ I = ~ ~ ~ ) ~ T E V N P I P R O B ~ I P G N  
I F  (NDIM.EQ.6) GO T O  17 






























IF(AMAX.GEeEGVL(3)) GO TO 71 
AMAX=EGVL(3) 
MAP=3 
E G M = S Q R T ( E G V C T ( M A P I ~ ) * E G V C T ( M A P , ~ ) + E G V C T ( M A P , ~ ) * E G V C T ( ~ A P , ~ ) +  
DUM = RHO/EGM 
EXV(2)=EGVCT(MAPr2)*DUM 
EXV(~)=EGVCT(VAPP~)*DUM 
IF(LINESILT*MAX-~) GO TO 72 
IPGN=IPGN+l 


















E X E C ( ~ ~ ~ ) = Z ~ * ( S I G P R O + D U M ~ ) + D U M ~ * S I G I ~ E T  
DO 80 I=lrNDIM 




00 81 I=lr3 
DO 81 J=lv3 
S(IvJ)=EXEC(ItJ) 
ICODE2=1 




CALL J A C O B I ( S , E G V L ~ E G V C T ~ ~ ~ F O V )  
IF(AMAX.GE.EGVL(~)) GO TO 70 























IF(IHYP1.EQ.E) GO TO 84 
IF(LINES.LT*MAX-16) GO TO 83 
IPGN=IPGh+l 




IF(IHYPl.EQ.1) GO TO 86 
ZF(LINESILTIMAX-~~) GO TO 85 
IPGN=IPGN+1 




GO TO (87,330) t ICODE2 
DO 9 0  I=113 
DO 90 J=lr3 








00 92 I=lrNDIM 
IF(LINES.LT.MAX-4) GO TO 93 
IPGN=IPGN+1 
WRITE(6v3000) (MDNM( ITR~I )s I=1 ,2 ) rTEVNI IPROB, IPGN 
LINESZ9 






GO TO 199 
NN=3 
DO 321 I=lrNN 
DO 321 J=l,NN 
s ( I I J) =o . 
DO 321 K=1*6 
DO 321 L=lt6 
S(IPJ)=S(IPJ)+ADA(IPK)*P(KPL)*ADA(JPL) 
EXEC(IvJ)=S(I#J) 
IF(LINES*LTeMAX98) GO TO 328 
XPGN=IPGN+l 
WRITE(6r3000) ( M D N M ( I T R I I ) ~ I = ~ ~ ~ ) ~ T E V N I I P R O B I I P G N  
IF(LINES.LT*MAX-8) GO TO 91 
IF(IGPeEQ.2) NN=2 
L I N E S = ~  




GO TO 88 
WRITE(6~30161 ((S(IrJ),J=1,2)rI=lr2) 
LINEs=LINES+B 




















DO 324 J = 1 ~ 2  
DO 324 J=lr2 
K=K+l 
CALL JACOBI(VEIG~EGVLIDUM t29FOV) 
WRITL(6r1000) (I*EGVL(I)*I=lr2) 
WRITE(6e1002) ( 1 9 1  DUM(IrJ),J=lr2),I=lr2) 
LINES=LINES+14 
VEIG(K)=S(IPJ) 
IF(IHYPl.EQ*E) GO TO 326 
IF(LINES.LToMAX-9 1 GO TO 325 




IF(IHYPl.EQe1) GO TO 330 
IF(LINES.LT.MAX-~ 1 GO TO 327 
IPGN=IPGN+l 




DO 100 I=1,6 
XG(I)=XF(I) 






DO 120 IzlrNDIM 
XI (I )=XF (I 1 
TRTMlZTEVN 
DO 125 I=l#NDIM 




FORMkT(///2GX*EIGENVECTORS OF ABOVE MATRIX*/3(22X~I2r3E20~10/)) 
FORMAT(///20X*EIGENVECTORS O F  ABOVE MATRIX*/2(22X112r2E20~10/)) 
FORMAT(///20X*POSITION EIGENVALUES OF ABOVE MATRIX*/3(22X12E20.10/ 
XI(I)=XF(I) 
FORMAT(///2OX*EIGENVALUES OF ABOVE M A T R I X * / ~ ( ~ ~ X V I ~ P E ~ ~ , ~ ~ / ) )  




8* DAYS*/gOX*PROBLEMe o*IlO,SX*PAGEo e*I8///1Xi130(1H*)//) 
2001 FORMAT(///20X*POSITION EIGENVECTORS OF ABOVE MATRIX*/3(22X12~3E20o 
2002 FORMAT(///20X*VELOCITY EIGENVALUES OF ABOVE MATRIX*/3(22XI2E20,10/ 
200q FORMAT(///20X*VELOCITY EIGENVECTORS OF ABOVE M A T R I X * / ~ ~ ~ ~ X I ~ P ~ E ~ O ~  
3000 FORMAT (lH1//8X2AlO*-e GUIDANCE EVENT AT TRAJECTORY TIME *F1203, 
3001 FORMAT(10X~AlO~E20o13) 
3002 FORMAT (1H1) 
3003 FORMAT (///8X*STATE TRANSITION MATRIX -- PSI(*F12*3*~*F12*3*)*/) 
3004 FORMAT(lOX*ROW*13) 
3005 F O R N A T ( ~ ~ X V ~ E ~ ~ ~ S ~  
3006 FORMAT (///8X*DIAGONAL OF DYNAMIC NOISE MATRIX*/) 
319 
3007 F O R M A T ( / / / B X * C O V A R I A N C E  M A T R I X  A T  T I M E  O F  G U I D A N C E  E V E N T  -- P ( *  
3008 FORMAT ( / / /BX*COVARZANCE M A T R I X  R E L A T I N G  THE T I M E  O F  T H I S  G U I D A N C E  
B E V E N T  T O  THAT OF THE L A S T  G U I D A N C E  E V E N T  -- P ( * F 1 2 * 3 * ~ * F 1 2 * 3 * ) * / )  
3009 F O R M A T ( / / / 8 X * C O V A R I A N C E  M A T R I X  A S S O C I A T E D  W I T H  V E L O C I T Y  COMPONENTS 
* * / 3 ( 8 X 3 € 2 0 * 1 0 / ) )  
BF12a3*#*F12.3*)*/) 
3010 F O R M A T ( / / / B X * E X E C U T I O N  ERROR MATRIX*/3(12X#3E20.10/)) 
3011 F O R M A T ( / / / B X * M O D I F I E D  COVARIANCE M A T R I X  A T  T I M E  O F  G U I D A N C E  E V E N T  
3012 F O R M A T ( B X * S T A T E  VECTOR A T  T I M E  * F 1 2 * 3 *  DAYS* / )  
3014 FORMAT(///BX*UNCERTAINTY I N  TARGET C O N R I T I O N  A F T E R  CORRECTION*/  
B -- P(*F12,3*r*F12.3*)*/) 
3013 F O R M A T ( / l O X * E X P E C T E U  V A L U E  O F  D E L T A  V *  * * E 2 0 * 1 0 )  
8 3 ( 1 0 X ~ 3 E 2 0 * 1 0 / ) )  
3015 F O R M A T ( / / / 8 X * E X P E C T E D  V A L U E  O F  V E L O C I T Y  C O R R E C T I O N * / 8 X 3 E 2 0 * 1 0 )  
3016 FORMAT(/ / /BX*UNCERTAINTY I N  TARGET C O N D I T I O N  A F T E R  CORRECTION* /  
3017 FORMAT(  / l O X * S T A N D A H D  D E V I A T I O N  OF E X P E C T E D  V A L U E  O F  D E L T A  V. * * *  
B 2 ( 1 0 X ~ 2 E 2 0 . 1 0 / ) )  
%E20 * 10 1 














DO 40 I=lr6 
HIl(I)=RFl(I) 
IF(NWEeNEe0) GO TO 42 
DO 41 1=1~6 
RFl( I )=RF (I 1 
GO TO 43 
IPRZIPRINT 
ICLS=ICL2 





IF (ISPH.EQe1) GO TO 50 
WRITE(6v3002) 
GO TO 500 
NO ( 1 =NTP 
CALL ORB(NTPIDC) 
CALL EPHEM(~PDCP~) 





V M C A = S Q R T ( R C ( 4 ) * R C ( 4 ) + R C ( 5 ) * R C ( 5 ) + R C ( 6 ) * R C ( 6 ) )  
WRITE(6r3001) T C A ~ ( K C ( I ) ~ I = ~ ~ ~ ) P R M C A P ( R C ( I ) ~ I = ~ ~ ~ ) ~ V M C A  
LIN€S=LIN€S+ll 
CALL EPHEM(IPDSI?~) 




DO 71 I=ltNOXM 






DO 72 I=lrNDIM 
DO 72 J=lvNDIM 
Q(IrJ)=PSI(IrJ) 
DO 73 I=lrNDIM 
DO 73 J=lrNDIM 
PSI(IIJ)=OI 







DO 83 I=lrNDIM 

























L I NE’S9 





00 90 I=lr3 
DO 90 J = 1 ~ 6  
ADA(IIJ)=PSI(IPJ) 




W R I T E ( ~ P ~ O ~ ~ ) ( ( A D A ~ ~ ~ J ) , J = ~ ~ ~ ) ~ I = ~ P ~ )  
LINES=LINES+8 
DO 110 I=lt3 
00 110 &le3 
DO 110 K=1~6 
DO 110 t=lr6 
PHIl(I@J)=Oo 
PHI~(I~J)=PHI~(I,J)+ADA(IPK)*P(K,L)*ADA(J~L) 




WHITE(6~30081 ( ( P H I ~ ( I P J ) P J = ~ , ~ ) , I = ~ ~ ~ )  
LINES=LINES+8 
00 130 I=lr3 






WRITE(6r3010) ( I I ( E G V C T ( I , J ) ~ J = ~ P ~ ) , I = ~ , ~ )  
LINES=LINES+14 
IF(IHYP1-2) 140~150~140 
IF(LINESILT*MAX-~~) GO TO 141 







IF (IHYP1-1) 151~160~151 





DO 161 I=lr3 




DO 170 I=lr3 
DO 170 J=lr3 
 LINES=^ 













DO 170 K=lr3 
GA(IIJ)=GA(IIJ)-PHI~(I~K)*PHI~(K~J) 
DO 180 I=1@3 









IF(IGPIEQI~) GO TO 191 
WRITE(6r3011) ((GA(I,J)vJ=lr6),1=1,3) 
LINES=LINES+8 
GO TO 500 
WRITE(6v3012) ((GA(11J)rJ=1,6)rI=1,3) 
LINES=LINES+8 
GO TO 500 
DELTMZFNTM-TEVN 











IF(ISPHeEQe1) GO TO 220 
WRITE(6r3003) 
GO TO 500 
TSOIl=DSI-DATEJ 
CALL PARTL(RSI~VSI~B1tBDTl~BDRl~PBT~Pl3R) 
DO 230 I=lt6 
EM(2vI)=PBR(I) 
TSI=DSI-DATEJ 
R M S I ~ S Q R T ~ R S I ~ 1 ~ * R S I ~ l ~ + R S I ~ 2 ~ * R S I ~ 2 ~ + R S I ~ 3 ~ * R S I ~ 3 ~ ~  





IF(NQEeNEo0) GO TO 250 
DO 240 I = 1r6 
RFl(I)=RF(I) 
GO TO 270 
IPR=IPRINT 
IPR I NT=1 
I sps= I SP2 
ISP2ZNTP 
CALL NTM(RI~~RF~~NTMCP-~) 
I sp2= ISPS 
IPRINTZIPR 
IF [ISPHrEQol) GO TO 270 
WRITE(6r3002) 












GO TO 500 
TSI=DSI-DATEJ 
NO ( 1) =NTP 
CALL ORB(NTPPDSI) 






R M S I ~ S Q R T ~ R S I ~ 1 ~ * R S 1 ~ l ~ + R S I ~ 2 ~ * R S I ~ 2 ~ + R S I ~ ~ ~ * ~ S I ~ 3 ~ ~  











DO 303 I=l@IUDIM 













NRITE (6 v 30ld) PBT I PBR 
LINES=LINES+11 
DO 320 I=lr3 





IF (LINESeLTeMAX-7) GO TO 290 
IF(IGPeEQ*3) GO TO 460 
IF(LINES*LTeMAX-B) GO TO 310 
DO 320 J=1@6 
A(lrI)=A(l~I)+P6T(J)*PSI(JtI) 
B B ( l r I ) = B B ( l ~ I ) + P B T ( J ) * P S I ( J 1 I + J )  





W R I T E ~ 6 ~ 3 0 1 5 ~ ~ ~ A ~ I ~ J ~ r J = 1 , 3 ~ t I ~ ~ ~ 2 ~ ~ ~ ~ B B ~ I ~ J ~ t J ~ l ~ 3 ~ t ~ ~ l ~ ~ ~  
LINES=LINES+12 
DO 340 I=1*2 
DO 340 J=lr3 



















DO 350 I=lr2 
DO 350 Jzlr2 
PHIS(ItJ)=O. 
00 350 K=lr6 
DO 350 L=l*S 
P H I ~ ( I ~ J ) = P ~ - ( I ~ ( I P J ) + A D A ( I , K ) * P ( K ~ L ) * A D A ( J ~ L )  
IF(LINES*LToMAX-7) GO TO 360 
IPGN=IPGN+l 
WRITE(6r3000) TEVNPIPROB~~IPGN 
L I NES=9 
WRITE(6r3016) ((PHI3(frJ)~J=lt2),1=1~2) 
LINES=LINES+7 




DO 371 I = 1 ,  
DO 371 J=lr 













L I NES=g 
CALL HYELS(3vPH13r2) 
LINES=LINES+B 
DO 420 I=lr2 1 
DO 420 J=1v2 
DO 420 K=lr3 
P H I ~ ( I I J ) = P H I ~ ( I ~ J ) + B B ( I I K ) * B B ( J I K )  
CALL MATIN(PHI3rPHI3r2) 
DO 430 I=lr3 
00 430 J=lr2 
DO 430 K=lr2 
PHI~(IIJ)=PHI~(IIJ)+BB(K~I)*PHI~(K,J) 
DO 440 I=lr3 
DO 440 J=lr3 
IF(L1NESeLTmMAX-9) GO TO 381 





DO 440 K=1t2 
GA(IPJ)=GA(I~J)~PHI~(I~K)*A(KIJ) 
G A ~ I ~ J + 3 ~ ~ G A ~ I ~ J + 3 ~ - P H 1 2 ~ I , K l * B B ~ K ~ J ~  





GO T O  500 
450 WRITlL(6r3018) ( ( G A ( I , J ) , J = l r 6 ) r I = l , J )  
460 C A L L  VARSIM(RI~PTEVNPTSIIADA) 
IF(ISPHeEQo0) GO TO 500 
GO TO 91 
500 RETURN 
3000 FORMAT(1H1//BX*SIMULATION MODE -- GUIDANCE EVENT AT TRAJECTORY TIM 
3001  FORMAT(///8X*VEHICLE REACHED CLOSEST APPROACH ON MOST RECENT NOMIN 
B / /53X*X*19X*Y*19X*Z*l5X*RES 
$E *FL3*3* DAYS*/SOX*PROBLEM* **11OtSX*PAGEe .*18///1X1130(1H*)//) 
SAL TRAJECTORY A T  TRAJECTORY TIME*F12r3* DAYS* 
%ULTANT*/8X*POSITION RELATIVE TO TARGET PLANET*4E20*10/8X*VELOCITY 
BRELATIVE TO TARGET PLANET*4E20*10// /1X13O(lH*))  
3002 FORMAT(BX*VEHICLE DID NOT REACH SPHERE OF INFLUENCE ON MOST RECENT 
3003 FORMAT(BX*WEHICLE DID NOT REACH SPHERE OF INFLUENCE ON ORIGINAL NO 
$NOMINAL TRAJECTORY*/8X*RETURNING TO BASIC CYCLE*) 
BMINAL TRAJECTORY*/8X*RETURNING TO BASIC CYCLE*) 1 
3004 FORMAT(///8X*STATE TRANSITION MATRIX -- PSI ( *F8*3***F8.3* ) * / )  
3006 FORMAT(12X6E19elO) 
3007 FORMAT(///8X*WARIATION MATRIX*/3(8X6E20r10/)) 
3005 FORMAT(lOX*ROW*IJ) 
3008 FORMAT(/ / /8X*UNCERTAINTY I N  TARGET CONDITIONS BEFORE CORRECTION*/ 
%3(8X3E20*10 / ) )  
3009 FORMAT(//20X*EIGENVALUES O F  ABOVE M A T R I X * / ~ ( ~ ~ X I I ~ P  E20.10/)) 
3010 FORMAT(//20X*EIGENVECTORS OF ABOVE MATRIX*/3(22X112~3E20*10/)) 
3011  FORMAT(///8X*GUIDANCE MATRIX -- FIXED TIME OF A R R I V A L  GUIDANCE POL 
BICY*/3(8X6E20elO/) )  
3012 FORMAT(///BX*GUIDANCE MATRIX -- THREE VARIABLE B-PLANE GUIDANCE PO 
BLICY* /3(8X6E20*10/ ) )  
3013 FORMAT(///BX*VEHICLE REACHED SPHERE OF INFLUENCE ON MOST RECENT NO 
SMINAL TRAJECTORY A T  TRAJECTORY TIME*FlD*3* DAYS*//53X*X*19X*Y*19X* 
52*15X*RESULTANT*/8X*POSITION RELATIVE TO TARGET PLANET*4E20*10/8X 
%*VELOCITY RELATIVE TO TARGET PLANET*4E20*10//8X*B = * E 2 0 0 1 0 ~ 5 X  
%*B DOT T =*E20s10~5X*B DOT R = *E20010/ / /1X130(1H*))  
%8X6E20*10///8X*PARTIAL OF B DOT R WITH RESPECT TO STATE VECTOR*// 
88X6E20r10) 
%-MATRIX B* /2 (8X3E20*10/ ) )  
82(8X2E20.10/)) 
3014 FORMAT(///BX*PARTIAL OF B DOT T WITH RESPECT TO STATE VECTOR*// 
3015 FORMAT(///8X*GUIDANCE SUB-MATRIX A*/2(8X3E20*10/)//8X*GUIDANCE SUB 
3016 FORMAT(///8X*UNCERTAINTY I N  TARGET CONDITION BEFORE CORRECTION*/ 
3017 FORMAT(///2OX*EIGENWECTORS OF ABOVE M A T R I X * / ~ ( ~ ~ X P I ~ ~ ~ E ~ O ~ ~ O / ) )  
3018 FORMAT(///8X*GUIDANCE MATRIX -- TWO VARIABLE B-PLANE GUIDANCE POL1 
3040 FORMAT (8X*VEHICLE REACHED CLOSEST APPROACH ON ORIGINAL NOMINAL TRA 
SCY*/3(8X6E20elO/)) 
BJECTORY AT TRAJECTORY TIME*F12*3* DAYS*//53X*X*19X*Y*19X*Z*l5X*RES 
BULTANT*/BX*POSITION RELATIVE TO TARGET PLANET*4E20.10/8X*VELOCITY 
BRELATIVE T O  TARGET PLANET*4E20r10) 
3 0 4 1  FORMAT(///8X*M MATRIX*/ /2(8X6E20r lO/ I )  
3042 FORMAT(BX*VEHICLE REACHED SPHERE OF INFLUENCE ON ORIGINAL NOMINAL 
$TRAJECTORY AT TRAJECTORY TIME* F10*3*  DAYS*//53X*X*IgX*Y*lgX*Z* 
%*VELOCITY RELATIVE TO TARGET PLANET*4E20,10//8X*B = * E 2 0 0 1 0 ~ 5 X  
S*B DOT T =*E20010~5X*B  DOT R = +E20*10)  
















































DO 38 I=lrNUIW 









DO 60 I=Iv6 
DO 70 I=ltNDIM 
DO 70 J=lvNOIM 
DUM(I)=DUM(I)+PSI(IIJ)*EDEVX(J) 





DO 81 J = 1 ~ 3  




CALL J A C O B I ( V E I G F E G V L ~ E G V C T I ~ , F O P )  




WR1TE(6~1000) ( I P E G V L ( I ) ~ I = ~ ~ ~ )  
WRITE(6r1001) ( I @ ( E G V C T ( I I J ) ~ J = ~ ~ ~ ) ~ I = ~ , ~ )  
LINES=LINES+16 
IF(IHYP1-2) 85t87r85 
IF(LINESeLT.MAX-16) GO TO 86 
IPGN=IPGN+l 
WRITE(6v3000) TEVNvIPROB@IPGN 
IF(NDIMeEQ.6) GO TO 32 i 
IF(NDIMrEQe6) GO TO 37 
ADEVX(I)=Z(I)+W(I)-XF~(I) 


















L I NES=9 
CALL HYELS(lpSv3) 
LINES=LINES+16 
IF(IHYP1-1) 88~90~88 k. 






IF (ICODE) 91t91r95 
IF (fEIG) 95r95t92 
K=O 
DO 93 J = 1 ~ 3  




CALL JACOBI ( VE IG t EGVL ~‘EGVCT 3 FOV 
IPGN=IPGN+L 




WRITE(6v1004) ( I , ( E G V C T ( I , J ) , J = l v 3 ) 1 I = 1 , 3 )  
LINES=LINES+16 
I CODE= 1 
GO TO 84 
GO TO (100~120~170)rICODE2 










W R I T E ~ ~ V ~ ~ ~ ~ ~ ~ E D E V X ~ I ~ ~ A D E V X ( I ~ ~ I ~ ~ ~ N D I M ~  
LINES=LINES+NDIM+7 
00 101 IZlrNDIM 
DO 101 J=lrNDIM 
Pl(ItJ)SP(IvJ) 
P(ItJ)=PG(IvJ) 











DO 106 I=lvNDIM 







































DO 113 I=lrNDXM 









GO TO 80 
NGE=NGE+l 
IGP=ICOT3(NGE) 
CALL G U I S ( R F P R F ~ P I G P ~ T E V N , G A , A D A )  
DO 123 I=lr3 
DO 123 J=lv6 
GAP(I,J)=Oe 
DO 123 K=lr6 
GAP(frJ)=GAP(I,J)+GA(IvK)*P(KtJ) 
DO 124 I=lr3 
DO 124 J=lr3 
S (  1, J)=O* 







DO 125 I=lr3 
DO 125 J = 1 ~ 3  





IF(NOIMIEQ.~) GO T O  112 
XF(ISPH.EQIO) GO TO 320 













L I N E S 9  
WRITE(6i2000) (IvEGVL(I)iI=1*3) 
WRITE(6r2001) ( I , ( E G V C T ( I I J ) , J = ~ , ~ ) ~ I = ~ ~ ~ )  
LINES=LINES+16 1 
I F ( I G P I E Q . ~ . A N D . I C O U E ~ . E Q , ~ )  GO TO ‘130 
IF (IHVPlrEQ.2) GO TO 128 






IF(IHYPleEQ.1) GO TO 130 




CALL H Y E L S ( ~ ~ S P ~ )  
LINES=LINES+16 
GO TO (130e160~200)rICODE2 
00 131 IZlrNDIM 
DX(I)=XF~(I~-XF(I)+ADEVX(I) 
DELX(I)=XFl(I)-XF(I)+EOEVX(I) . 
IF(L1NESsLTeMAX-NDIM-6) GO TO 138 
IPGN=IPGN+l 
WRITE(6r3000) TEVNeIPROBiIPGN 
L I N E S 9  
WRITE(6~30501 (DELX(I)rDX(I)vI=lrNDIM) 
LINES=LINES+NDIM+6 
DO 132 I=1,3 
DV ( I ) = O *  
DVC (1) =O e 
UO 132 J=lr6 
DVC1I)=DVC(I)+GA(IvJ)*DELX(J) 
DO 133 I = 1 ~ 3  
DVE(I)=DV(I)-DVC(I) 
DVCM=SQRT(DVC(l)*DVC(l)+DVC(2)*DVC(2)+DVC(3)*Dvc(3)) 
I F  (LINESILTIMAX-20) GO T O  135 
IPGN=IPGN+l 
WRITE(6v3000) TEVNPIPROB~IPGN 









































00 140 I=lrNDIM 
00 140 JzlrNDIM 
P(ItJ)=P1(IrJ) 
DO 150 I = 1 ~ 3  
DO 150 &lr3 
S(IPJ)=EXEC(I~J) 
ICODE2=2 
GO TO 119 
00 161 I=1,3 
DO 161 J=1v3 
P(I+J,J+J)=P(I+3rJ+J)+S(I ,J)  
DO 162 I=lvNDIM 















GO TO 80 
NN=3 
DO 171 I=lrSJN 
DO 171 J=frNN 
DO 172 K = 1 ~ 6  
DO 172 L = 1 ~ 6  
S ( I , J ) = S ( I , J ) + A D A ( I r K ) * P ( K ? L ) * A D A ( J , L )  







GO TO 119 
WRITE(bt3018) ((S(I,J),J=1,2)rI=lr2) 
LINES=LINES+8 
IF(lINESoLTeMAX*16) GO TO 191 
IPGN=IPGN+l 
IF (LINESeLTeMAX-9) GO TO 163 
IF(LINESoLToMAX-4) GO TO 164 
IF(NDIMoEQ.6) GO TO 165 
WRITE (6~3014) ( P ( I ~ J ) ~ J = ~ ~ N D I M )  
IF(IGP*EQqB) NN=2 
S (1 I J) = O I  
IF(LINES*LT*MAX-8) GO TO 180 
















DO 192 J = 1 ~ 2  
Do 192 I = 1 ~ 2  
K=K+1 
CALL J A C O B I ( V E I G I E G V L * D U M ~ ~ ~ ~ F O V )  
WRITE(6e2000) (IIEGVL(I)PI=~~~) 
WRITE(6e2002) ( f e ( D U M 2 ( 1 1 J ) e J = 1 , 2 ) , I = l r 2 )  
LINES=LINES+16 
IF(IHYPlrEQ.2) GO TO 194 
IF(LTNESoLT*MAX'9) GO TO 193 
IPGN=IPGN+1 
WRITE(6e3000) TEVN*IPROBeIPGN 
L I NES=9 
CALL HYELS(lrSe2) 
LINES=LINES+8 
IF(IHYPl.EQ.1) GO TO 200 










ALlzAALP (NGE 1 
BT~=AEET(NGE) 
D V ( i ) = O V C ( l ) * ( S l + A K l / E X M ) + ( E X M * D V C ( 2 ) *  ALl+DVC(l)*OVC(3)*BTl)/ 
D V ( 2 ) = D V C ( 2 ) * ( S l + A K l / E X M ) + ( D V C ( 2 ) * D V C ( 3 ) * 6 T l -  EXM*DVC(2)* AL1)/ 
DV(J )=DVC(3 ) * (S1+AK l /€XM) -BT1*DuMl  
DO 210 1=1,3 
DVE(I)=DVC(I)+DV(I) 






DO 220 IZir6 
DX(I)=ADEVX(I)-EDEVX(I) 
NN=3 
DO 230 I=ltNN 
DO 230 JZle6 
DO 240 1=1e3 
RIli I+3) =DV ( I 
DO 250 I=ltNN 
EGVL(I)=Ov 
DO 250 J=1t6 





IF (IGPoEQIE) NN=2 
DELX(X)=O* 
DELX(I)=DELX(I)+ADA(IIJ)*DX(J) 
RI1( I )  ZOO 
















L I NES=9 
WRITE(6r3020) ( D E L X ( I ) P E G V L ( I ) ~ I = ~ , N N )  
LINES=LINES+9 






00 290 Szlr6 
XG(I)=XFl(I) 





DO 310 I=1?3 
ADEVX(I+3)=ADEVX(I+3)+DVE(I) 
EDEVX(X+3)=EUEVX(I+3)+DVC(I) 
GO TO 330 
00 321 IzlrNDIM 
00 321 J=l@NDIM 
P(IrJ)=Pl(I,J) 





IF(LINESeLT*WAX-9 GO TO 270 
FORMAT(lH1//8X*SIMULATION MODE -- GUIDANCE EVENT AT TRAJECTORY TIM 
3001 FORMAT(///BX*STATE VECTOR*//22X*ORIGINAL NOMINAL*7X*MOST RECENT NO 
BE *F8.3* DAYS*/gOX*PROBLEMe ,*110,5X*PAGEe ~*18///1X~130(1H*)) 
BMINAL*13X*ACTUAL*) 
3002 F O R M A T ( 8 X A 1 0 E 2 0 ~ 1 0 ~ 5 X , E 2 0 . 1 0 1 5 X I E 2 0 . 1 0 )  
3004 FORMAT(///BX*STATE TRANSITION MATRIX -- P S S ( * F ~ * ~ * P * F ~ ~ ~ * ) * / )  3003 FORMAT(///8X*OIAGONAL OF OYNAMIC NOISE MATRIX*/) 
3005 FORMAT(///8X*COVARIANCE MATRIX AT TIME OF GUIDANCE EVENT -- P(* 
BF8*3*r*F8.3*)*/) 
3008 FORMAT(///8X*ACTUAL DYNAMIC NOISE*//(8XE20*10)) 
3010 FORMAT(///8X*OEVIATION IN THE STATE VECTOR FROM THE MOST RECENT NO 
3013 FORMAT(lOX*ROW *I31 
1000 FORMAT(///20X*POSITION EIGENVALUES OF ABOVE MATRIX*/3(22XI2E2OV10/ 
1001 FORMAT(///20X*POSITION EIGENVECTORS OF ABOVE MATRIX*/3(22X12r3E20* 
1003 FORMAT(///20X*VELOCITY EIGENVALUES OF ABOVE MATRIX*/3(22XI2E20*10/ 
1004 FORMAT(///20X*VELOCITY EIGENVECTORS OF ABOVE MATRIX*/3(22X12~3E20e 
SMINAL TRAJECTORY*//15X*ESTIMATED*l3X*ACTUAL*/(8X2E20~10~~ 
3014 FORMAT(12X6E20e10) 
3 )  1 
$lo/) 1 
$1  1 
$lo/) 1 
2000 FORMAT(///20X*EIGENVALUES OF ABOVE MATRIX*/3(22XX2rE20*10/)) 
2001 FORMAT(///20X*EIGENVECTORS OF ABOVE MATRIX*13(22X12~3E20elO/)) 
2002 FORMAT(///20X*EIGENVECTORS OF ABOVE MATRIX*/2(22X12~2E20elO/)) 
3006 FORMAT(///BX*COVARIANCE MATRIX RELATING THE TIME OF THIS GUIDANCE 
3011 FORMAT(///BX*COVARIANCE MATRIX ASSOCIATED WITH WELOCITY COMPONENTS 
BEVENT TO THAT AT THE LAST GUIDANCE EVENT -- P(*F8*3*r*F8e3*)*/) 
335 
%*/3(8X3E20*10/)) 
~ ~ O P ~ X P E ~ O ~ ~ O / ) / / ~ ~ X * C O M M A N D E D  DELT  V *  c **E20,10 
SNTY*//3(8XE20*10/)) 
3012 FORMATI///BX*COMMANUED CORRECTION*SX*PERFECT COR 
B ///8X*ERROR IN CORRECTION DUE TO NAVIGATION UNCERTAI 
3015 FORMAT(///8X*EXECUTION EHHOR MATRIX*//3(12X13E20.10/)) 
3016 FORMAT(///8X*KODIFIEO COVARIANCE MATRIX AT TIME OF GUIDANCE EVENT 
3017 FORMAT(///BX*UNCERTAINTY IN TARGET CONDITION AFTER CORRECTION*/ 
3018 FORMAT(///BX*UNCERTAINTY IN TARGET CONDITION AFTER CORRECTION*/ 
3019 FORMAT(///8X*ACTUAL ERROR IN CORRECTION* 9X*ACTUAL CORRECTION*/ 
3028 FORMAT(///8X*ERROR AT TARGET CONDITIONS*/8X*DUE TO NAVIGATION UNCE 
B w- P(*F8,3*t*FBrJ*)*/) 
83(12X~3E20e10/)) 
82(12X~2E20elO/)) 
83(10XE20 .10~10X~E2O.10 / ) )  
BRTAINTY* 4X*DUE TO EXECUTION E R R O R * / / ~ 1 0 X E ~ 0 ~ 1 0 * 1 O X ~ E 2 0 ~ 1 0 ~ ~  
8 )  
BCTORY*//(15X*ESTIMATED*l3X*ACTUAL*/(8X2€20*10~~ 
3021 FORMAT(///BX*ACTUAL ERROR AT TARGET AFTER CORRECTION*//(1OXE20.10) 






C THIS SUBROUTIt\rE COMPUTES AND PRINTS THE HYPERELLIPSOID 
C ASSOCIATED WITH THE MATRIX P AND SIGMA LEVEL KS 
C 
C IFLAG IS A CODE WHICH IS DEFINED AS FOLLOWS 
C IFLAG = 0 PRINT XY HYPERELLIPSOID 
C = 1 PRINT XYt XZr AND YZ HYPERELLIPSOIDS 
C 
C ROUTINE -MATIN- 
C 





DO 10 J=l,N 





DO 20 J=l,N 








~ R I T E ~ 6 ~ 1 5 ~ ~ P I ~ l r l ~ r P I ~ 2 ~ 2 ~ ~ P I ~ ~ r 3 ~ ~ P l 2 ~ P l ~ ~ P 2 ~ ~ K 2  
wRITE(6~500) PI(l,l)tP12,PI(2,2)~K2 
11 WRITE(6,501) PI(lt1) r P13r PI(3r3)r K2 
WRITE(6r502) PI(2r2)t P23r PI(3r31tK2 
GO TO 40 
30 WRITE(6t100) KS 
WRITE(6p155) PI(lrl)rP12,PI(2r2)eK2 
100 FORMAT(/fOX*FOR THE NORMAL DISTRIBUTION X = N(O@Q) AND THE *I1* SI 
BGMA LEVEL*/%X*THE HYPERELLIPSOID HAS THE FOLLOWING EQUATION*//) 
154 FORMAT(lOXE10o3*8H X**2 + rE10.3~8H Y**2 + ~E10.3~8H 2**2 + t 
155 FORMAT(33XElOe3r8H X**2 + E1013~6H XY + tE10.3t8H Y**2 = 13/11 
500 FORMAT(*2OX*XY HYPERELLIPSOID* *E10*3,8H X**2 + ,E10*3,6H 
501 FORMAT(EOX*XZ HYPERELLIPSOID. e *E10*3@8H X**2 + tE1013~6H 
502 FORMAT(2OX*YZ HYPERELLIPSOID. e e e *E10*3~8H Y**2 + tElOm3~6H 
BE10.3~6H XY + ~E1013r6H XZ + ~E10.3t6H YZ = 13//) 
B XY + tE10.3~8H Y**2 = t13/) 
B XZ + E10.3~8H 2**2 = rI3/) 




SUBROUTINE H Y P E R ( S I R P I V H L , G M E I E L A T ~ A ~ E ~ X I I X L I X W , W , P V ~ Q ~ A Z ~ C ~ ~ P ~  
1 DLA t RAL 1 
OIMENSION W ( 3 ) r P V ( 3 ) r Q ( 3 ) , B ( 3 ) , 5 ( 3 )  
Pf=3r  1 4 1  3 6  




' CELZCOS (ELATIRAD 1 
E=l.+RP*C3/GME 
P=GME*(E**2-1e)/C3 
A=RP/ (E- l r )  
sx=s (1 1 
s y = s  (2) 
sz=s ( 3 1 
DLA=ATAN(SZ/SQRT(SX**2+SY**2))*RAD 
I F ( S X ) 3 0 t 3 1 ~ 3 0  
3 0  RAL = ATAk(SY/SX) 
I F  (SX 1 3 2 ~ 3 1  r 33 
31 R A L  = P I / 2 r  
I F ( S Y ) 3 2 , 3 3 r 3 3  
32 RAL = R A L  + P I  
33 I F ( R A L ) 3 4 r 3 5 t 3 5  
3 4  R A L  2 * * P I  + R A L  
11 WZZSQRT(le-SZ**2) 




GO TO 12 
1 0  WZ=CEL*SAZ 
12 wx=-(wY*sY+wz*sz)/sx 
WY=-(WZ*SY*SZ+SX*SQRT(leoSZ**2-Wf**2)) / (SX**2+SY**2) 
w (1) =wx 
w ( 2 ) = w Y  
w ( 3 )  =wz 
WM = SQRT(W(1)**2 + W(2)**2 +W(3) **2) 
DO 40 I = 1 r 3  
B(1) = S(2)*W(3)  - S(3)*W(2)  
8 (2 )  = S( f ) * i i v ' ( l )  - S(l)*W(3) 
B ( 3 )  = S ( l ) * W ( 2 )  - S ( 2 ) * W ( l )  
BM = SQRT(B(1) **2 + B ( 2 )  **2 + B ( 3 )  -2) 
DO 4 5  I 51 l r 3  
CTAM=-~. /E 
40  W ( 1 )  1. * W ( I ) / W M  
4 5  B ( I )  = 1. * B ( I ) / B M  
STAM=SQRT[lr-CTAM**2) 
DO 25 I = l r 3  
(I)*CTAM+B(I)*STAM 
2 5  Q(I)=S(I)*STAM-B(I)*CTAM 
XI=ATAN(SQRT(lr-WZ**2)/WZ) 
I F ( - h Y ) 5 0 t 5 1 r 5 0  
50 X L  = ATAN(WX/(-WY)) 
I F ( - W Y ) 5 2 ~ 5 1 , 5 3  
I F ( W X 1 5 2 ~ 5 3 r 5 3  
51 X L  = P1/2*  
52 XL = X L  + P I  
53 IF(XL1 5 4 1 5 5 r 5 5  
54 X L  = 2. * P I  + X L  
55 IF (Q(3 ) )  6 0 ~ 6 1 ~ 6 0  
60 XW = ATAN(PV(3)/W(3)) 
IF(Q(3))62~61~63 
IF(PV(3))62~63r63 
61 XW = PI/2. 
62 Xw = XW + PI 
63 IF(XW) 6 4 ~ 6 5 ~ 6 5  
64 XW = 2 r  * PI + X t i  









DIMENSION PV(3 ) ,Q(3 ) ,XEQ(3 ) tVEQ(3 ) ,XEC(3 ) ,VEC(3 ) r  
I XECtVECtECEQ) 
1 ECEQ(Jt3)tEQEC(3r3) 





40 TA = ATAN(STA/CTA) 
If(CTA)42,41r43 
IF(STA) 42t43r43 
41 TA = PI 12. 
42 IA = TA + PI 
43 IF(TA) 44t45r45 




DO 20 I=lr3 I 
XEQ(I)=PV(I '*CTA*R+Q(X)*STA*R 
DO 30 I=lr3 
DO 30 J=1,3 
DO 2 I = 1 ~ 3  
VEC(1) = 0 1 0  
XEC(1) = 0.0 
DO 2 K = It3 
VEC(1) = VEC(1) + EQEC(ItK)*VEQIK) 
2 XEC(1) = XEC(1) + EQEC[ItK) *XEQ(K) 
20 v m  ( x i  =-m ( f 1 *sTAM*vs+Q ( 1 *cTAM*vs 
30 EQEC(IIJ)=ECEQ(J~I) 
CTS = I,/E*(P/R-l.) 
STS = SQRT(L*-CTS**2) 
DEN = RP/R *(l, + E) 
SF = SQRT(E**2 -I*) *STS/OEN 
F = ALOG(SF + SQRT(SF**2 + I*)) 










C THIS SUBROUTINE IS RESPONSIBLE FOR CONVERTING THE INPUT 
c INFOKMATION IhTO VARIABLES COMPATIBLE WITH THE REST OF THE 






COMMON / C O M / V ( ~ ~ P ~ ) P F ( ~ ~ ~ ~ ) P P I P R A D  
COMMON /COM/ITRATtKOUNT~INCMNTIINCPRIINCPR~INC~IPR 
COMMON /COM/ NBODYI, NBODYvIPRT(4) 
COMMON/COM/KLPIPGPLINCT~LINPGE 
C O M M O N / B L K / T ~ P M A S S ~ ~ l ) r C N ( B O ) r 5 T ( 5 O ~ ~ E M N ~ l ~ ~ ~ S M J R ~ l 8 ~  
COMMON / B L K / R A D I U S ~ 1 1 ~ ~ R M A S S ~ l l ~ ~ N O ~ l l ~ ~ E L M N T ~ 8 ~ ~ ~ S P H E R E ~ l l ~ ~ X P ~ 6 ~  
COMMON /PRT/MONTH(12)rPLANET(ll) 









2000 FORMAT(//* UNITS 0 0 o 0 o e .*E20011* LNGTH/AoUo*SX,E20.11* TIME/ 
 DAY* 1 
WRITE(6r2001) N B O D ~ I ~ ~ N O ~ I ~ r I ~ ~ ~ N B O D Y I ~  
341 
2001 FORMAT(I3* UODIES e e **1115) 
0=V(3~1)+2415020r 
WRITE(6t2002) M ~ ~ T H ( L M O ) P L D A Y B L H R ~ L M I N V S E C L I L Y R V D  
2002 FORMAT(2OH LAUNCH DATE m e * A ~ O P I ~ V ~ H I I ~ ~ ~ H  R v I ~ v ~ HM1NtF7.3~5H 
* SECe15~21H. e aJULIAN DATE* oF17.8) 
O=D2+2415020. 
WRITE(bt2003) M O ~ T H ~ I M O ) ~ I D A Y I I H R ~ I M I N I S E C I , I Y R P D  
2003 FORMAT(2UH ENCOUNTER DATE* * .AlOtI3~1H~13@4H HR~13t5H MIN#F7*3r5H * SECtI5r21H. e eJULIAN DATE, aF17r8) 
WRIfE(6~2004) V ( ~ V ~ ) P V ( ~ B ~ ) P V ( ~ V ~ )  
2004 FORMAT(* INITIAL TIME. e .*E20011/ 




























SUBROUTINE JACOBI (AvW2rVvNvFOO) 
DIMEluSIOlu A ( 1 ) t  W2( l ) r  V ( 1 )  
JACOBI HETHOD FOR EIGENVALUES EIGENVECTORS OF ( A ) ( v )  = (v ) ( -w2- ) .  
THE ( A )  M A T R I X  SHOULD i3fi REAL, SYMMETRIC. 
THRESHOLD VERSION OF JACOBI METHOD* PROGRESS FROM PIVOT ELEMENT 
(IPIVOTvJPlVOT) TO ELEMENT (IPIvoTPJPIVOT+~) AFTER A PIVOT. 
COUED BY R L  WOHLEN M A Y  1966. 
E DIAGONALIZED, S I Z E ( N t N ) .  WILL BE DESTROYED. 
W2 = OUTPUT VECTOR OF LIGENVALUES. (DIAGONAL OF DIAGONALIZED A ) .  
V = OUTPUT MATRIX OF EIGENVECTORS* SIZE(N,N). 
N = INPUT S I Z E  OF AfW2pV. 
S I Z E ( N )  s 
F O G  INPUT FINAL OFF-DIAGONAL ANNIHILATION VALUE 
KH = N 
KRPl  = KR + 1 
I 1  =-KR 
DO 10 I = l , N  
I 1  = 11 + KRP1 
I J  = I - KR 
DO 5 J = i v N  
I J  = I J  i K H  
SET I N I T I A L  V M A T R I X  TO UNITY. 
5 V ( I J )  = 0.0 
1 0  V ( I 1 )  = 1.0 
W2(1) = A ( 1 )  
I F  (N rEW. 1) RETURN 
FIND LARGEST OFF-DIAGONAL ELEMENT FOR FIRST PIVOT, 
T 1  = ABS(A(2) )  
NM1 = N-1 
I 1  =-KR 
DO 1 5  I=l,NM1 
11 = X I  + KRPl  
I J  = I 1  
I P 1  = I+1 
DO 1 5  d = I P l r N  
I J  = I d  + KR 
15 I F  ( A B S ( A ( 1 J ) )  e G T e  T 1 )  T ~ = A B S ( A ( I J ) )  
I F  ( T I  .LE* FOD) GO TO 60 
SCAN UPPER OFF-DIAGONAL ELEMENTS OF MATRIX A BY ROWS UNTIL A VALUE 
GREATER THAN T 1  IS FOUND. PIVOT ON THIS ELEMENT ( I P v J P ) .  
20 IREDO = 0 
I P I P  =-KR 
DO 4 1  I P = l t N M l  
I P I P  = I P I P  + KRPl  
I P J P  = I P I P  
J P I P  I P I P  
JPJP = I P I P  
I P P l  = I P + 1  
DO 40 J P = I P P l r N  
1PJP = I P J P  + KR 
J P I P  = J P I P  + 1 
JPJP = JPdP + KRPl  
343 
I F  (ABS(ALIPJP) )  . L T e  T1)  GO TO 40 
IREDO = 1 
COMPUTE ROTATION VALUES, 
DEL = A ( 1 P I P )  - A(JPJP) 
RAD = SQRT (DEL**Z + 4,*A(IPJP)**2) 
I F  (DEL eGE. 0,) GO TO 2 4  
TN = (2. * A ( I P J P ) )  / (DEL .. RAD) 
2 4  TN = (2, * A ( I P J P ) )  / (DEL + RAD) 
26 CS = 1. / SORT (11 + TN**2) 
GO TO 2 6  










COMPUTE EIGENVECTORS AND DIAGONALIZE MATRIX ( A ) ,  
A I P I P  = A ( I P 1 P )  
AJPJP = A[JPJP) 
AIPJP = A(1PJP) 
I I P  K R * ( I P - l )  
I JP = K R * ( J P - l )  
I P I  = I P  - KR 
J P I  = JP - KR 
DO 35 I = l , N  
I I P  = I I P  + 1 
I J P  = I J P  + 1 
I P I  = I P I  + KR 
J P I  = J P I  + KR 
VIP = v ( I I P ) * c S  + V ( I J P ) * S N  
V(IJP) = - V ( I I P ) * S N  + V(IJP)*CS 
V ( 1 I P )  = V I I P  
A I I P  = A ( I I P ) * C S  + A ( I J P ) * S N  
A ( I J P )  = - A ( I I P ) * S N  + A( IdP)*CS 
A(JP1)  = A ( I J P 1  
A ( I I P )  = A I I P  
35 A ( I P 1 )  = A I I P  
A ( 1 P I P )  = AIPXP*CS**2 + 2**AIPJP*SN*CS + AJPJP*SN**2 
A(JPJP) = AIPIP*SN**2 - 2r*AIPJP*SN*CS + AJPJP*CS**2 
A(1PJP) = 0.0 
A(JP1P) = 0.0 
40 CONTINUE 
4 1  CONTINUE 
I F  (IREDO * E Q e  1) GO TO 2 0  
MAKE LARGEST OFF DIAGONAL ELEMENT OF ( A )  SMALLER THAN FODI 
I F  ( T 1  *LEO FOD) GO TO 60 
6 T 1  = T 1  * 1.E-3 
GO TO 20 
PLACE DIAGONAL FROM A INTO W2 (EIGENVALUES). 
6 0  I 1  =-KR 
DO 61 I = l r N  
11 = I 1  + KRPl  









c s P = c o s ( P s I )  
C=SQHT(RL**~+RP**~-~.*RL*RL*RP*CSP) 
AMIN=(RL+RP+C)/4* 
c s P = c o s ( P s I )  
S=2r*AMIN 








TPPB=Pl * (S* * l rS+(S-C) * *1 .5 )  
XZTMIN 
GO T O ( l l r 1 2 ) @ N T Y S  
11 l F ( T F - - T P P ) 1 3 ~ 1 3 * 1 6  
13 LOC=5 
WRITE(6p100) 
100 FORMAT( 6H HYPER) 
RETURN 
21 L O G 1  
2 3  AZAMIN 





GO T O  30  
16 I F ( T F - T M I N ) 1 7 t 2 1 v 1 8  
17 L O C = 1  
18 L O G 2  
GO TO 2 2  
GO TO 2 2  
IF(TF- -TPPf3)13~13@15 
12 XZTPMIN 
15 I F ( T F - T P M I N ) i 9 r 2 1 t 5 0  
19 LOG3 
GO TO 22 
50 L O G 4  








GO TO ( 1 ~ 2 ~ 3 r 4 ) r L O C  
ALP=FPB(SQRT(S/(2**A))) 



















10 I F ( A B S ( T F ~ T F O ) ~ T F / ~ ~ O O O O ~ ~ ~ O P ~ O * ~ O  
20 HIZTF-TFO 
XKO=HI/FPA 
I F ( A B S ( X K O ) - D ~ E - ~ ~ ~ O P ~ O ~ ~ ~  
61 A=A+XKO 




W R I T E ( ~ ~ ~ ~ ~ ) T F ~ T F O ~ A P A M I N ~ T M I N ~ ~ P M I N  
10g6 






















C MATRIX INVERSION (A**-l = R) -- BORDERING METHOD, 
C THt DETERMINANT RATIO UET(I+l) / DET(1) IS PRINTED. DET(1) IS THE 
C DEIERMINANT OF THE FIRST I BY I SUB-MATRIX OF A. 
C THE INVERSION CHECK R*A IS CALCULATED AND PRINTED. 
C MATRICES A AND R WAY SHARE SAME CORE LOCATIONS.(R*A CHECK IS INVALID) 




C A  
C R  

















N = 150 
SUBROUTINE ARGUMENTS 
= INPUT MATRIX TO BE INVERTED* SIZE(NPN). = OUTPUT RESULT MATHIXI SIZE(NPN)~ 
= INPUT SIZE OF MATRIX A AND Re (MAX = 150) 
FORMAT (26HlN EXCEEDS INVl ALLOWABLE*/ 17HOPROGRAM STOPPED*) 
FORMAT (1H1r1OXf18HWATRIX IS S I N G U L A R / ~ ~ X P ~ ~ H P R ~ G R A M  HAS ENDED) 
FORMAT (lHlrlOX*19HAMATRIX IS SINGULAR/l lX*17HPRO*GRAM HAS ENDED) 
KR = N 
WRITE(6v1001) 
STOP 
IF (N *LE* 150) GO TO 150 
DO 160 I X r N  
IX(1) = I 
CONTINUE 
INVERT FIRST h0N-ZERO ELEMENT IN FIRST COLUMN, 




IF (A(1) .NE. 0.) GO TO 220 
START INVERSION WITH RQh 11 
DETR(1) = At11 
R(I) = 1. / A(1) 
1F (N vEQ, 1) GO TO 999 
IX(1) = 1 
IX(1) = I 
BORDERING LOOP. 
DO 630 L=2@N 
K = L  
L l = L - l  
5 = U *  
MIXL = KR * (IX(L) - 1) 
LL IX(L) + MIXL 
MIXI = KR * (IX(1) - 1) 
LI = IX(L) + MIXI 
DO 450 I=lPLl 
B(1) = 0. 
G ( X )  = 09 
00 440 J=i,L1 
MIXJ = KR * (IXCJ) - 1) 
IJ = IX(1) + MIXJ 
JL = IX(J) .t MIXL 
dI = IX(J) + MIXI 
B(1) = B(I) - R(IJ)* A(JL) 
347 
LJ = I X ( L )  + M I X J  
G ( 1 )  = G ( I f  - A(LJ)* R ( J 1 )  
440 CONTINUE 
450 CONTINU 
I F  (A(LL) *EQ* 0.1 GO TO 480 
ALBAR = ABS ( A L  1 A(LL1)  
GO TO 490 
480 ALBAR = ABS ( A L )  
490 I F  (ALBAR .GE. elE-6) GO TO 550 
C 
C INTERCHAbiGE ROWS AND COLUMNS* 
K = K + l  
I F  (K .GT* N) GO TO 540 
I X  L = I X ( L )  
I X ( L )  = I X I K )  
I X ( K )  = I X  L 
GO TO 250 
545 WRITE (6e1002) 
540 I F  (ALBAR rGEe elELB) GO TO 550 
STOP 
C 
550 R ( L L ) =  l e  1 A L  
DETR(L) = AL 
DO 570 I = l r L l  
LX = I X f L )  + KR * ( I X ( 1 )  - 1) 
H ( I L ) =  B ( 1 )  * R(LL) 
R ( L I ) =  G ( 1 )  * R(LL) 
DO 570 J = l r L l  
IJ = I X ( 1 )  + KR * ( I X ( J 1  - 1) 
R ( I J ) =  R ( I J ) +  G ( J )  * R ( 1 L )  




C COMPUTE INVERSION CHECK R*A. 
XOFF = 010 
DO 720 G l r N  
DO 710 J = l r N  
x = 0.0 
KJA = KR * (J-1) 
DO 703 K = l r N  
I K  = I + KR*(K- l I  
K J  = K + KJA 
X = X + R ( I K )  * A ( K J )  
703 CONTINUE 
G ( I 1  = X 
GO TO 710 
XOFF = X 
I F  (I .NE. J) GO TO 705 























C O M M O N / B L K / ~ ~ P M A ~ S ~ l l ~ ~ C N ~ 8 0 ) r S ~ ~ 5 O ~ r E M N ~ l ~ ~ r S M J R ~ ~ ~ ~  
COMMON / B ~ K / R A D I U S ~ 1 1 ~ v R M A S S ~ l l ~ v N O ~ l l ~ r E L M N T ~ 8 O ~ r S P H E R E ~ l l ~ r X P ~ 6 ~  
COMMON/CONST3/DELXA~DELYAvD~LZA~DELXEIDELY~rDELZErDELXIrDELYI~ 
COMMON/MISC/ACC~IDNFrICOOR,ITR~IMNF~FACPrFACV~ISP2~BIA~l2~~I~GN 




C O M M O N / V M / N B O D r N B ( l l ) ~ N T P I A L N G T H I T M , O E L T ~ r I N P R ~ I P R O B ~ R C ~ 6 ~ ~ D C ~  




DIMENSION T H E T A ( ~ P ~ ) ~ R I ( ~ ) ~ R F ( ~ ) P R P E R ( ~ )  
DO 1 1 = 1 ~ 6  
uo 1 J = l r 2  
SAVE = PMASS(1) 
IPRZIPRINT 
IPR INT=1 
PMASS(1) = PMASS(1) + DELMUS*TM*TM/(ALNGTH*ALNGTH*ALNGTH) 
J = l  
DO 1 0  Z It6 
PMASS(1) = SAVE 
SAVE = PMASS(NTP) 
C A L L  NTM(RIPRPERINTMCIO) 
J = 2  
DO 15 I l r 6  
PMASS(NTP1 = SAVE 
1 THETA(I tJ)=O.  
CALL NTM(RIPRPERVNTMC~O) 
1 0  THETA( IvJ)  = (RPER(1) - RF(I ) ) /DELMUS 
IF(POSSoGTo6.*SPHERE(NTP)*ALNGTH) GO TO 5 0  
PMASS(NTP1 = PMASS(NTPI+DELMUP*TM*TM/(ALNGTH*ALNGTH*ALNGTH) 
1 5  THETA(IvJ1 = (RPER(1) - RF(I ) ) /DELMUP 
50 IF(IAUG.GT.3) GOT0 40 
30 00 31 I=1,6 
DO 31 J = l r 2  
31 P S I ( I v J + 6 ) = T H E T A ( I , J )  
GO TO 100 
DO 4 1  I=1,6 
DO 4 1  J = l r 2  
40  IF(IAUGIEQIS) GO TO 30 
41 P S I ( I v J + S ) = T H E T A ( I r J )  




























C O M M O N / S f M / P ~ 1 7 r 1 ~ ~ ~ P S I ~ l 7 ~ l 7 ~ r Q ( 1 7 , 1 7 ~ r H ~ 4 ~ l 7 ~ ~ R ~ 4 ~ 4 ~ t A K ~ l 7 ~ 4 ~  
C O M M O N / S f V E C / X I ( 1 7 ) , X F ( 1 7 ) , N D I M I I A U G I X B ( l 7 )  
B,PB(17r17) ,PSIP( l7r17) ,HPHR(4,4)  
INTERVAL TO OBTAIN THE NEW COVARIANCE MATRIX P ( K + l t K + 1 )  
FIRST, P ( K + l r K )  I S  FOUND BY THE FORMULA 
P ( K + l v K )  = P S I  * P * P S I  TRANSPOSE + Q 
INPUT DATA I S  AS FOLLOWS 
N1 -- DIMENSION OF P 
N2 e- NUMBER OF RO#S I N  H 
THIS SUBROUTINE USES A M A T R I X  INVERSION ROUTINE CALLED MATIN 




DIMENSION p P H T ( 4 ~ 4 ) v A ( 1 6 )  
CALCULATE P PRIME 
P PRIME = P S I  * P * P S I  THANSPOSE + Q 
NlZNDIM 
DO 21 I = 1tN1 
00 21 J = 1 t N 1  
00 2 0  KK = lvhl 
DO 20 L = 1 p I L 1  
P S I P ( I , J ) = P S I P ( I I J ) + P S I ( I I L ) *  P(L,KK)*PSI (J tKK)  
PSIP(1 ,J )  = P S I P ( 1 v J )  + Q ( I @ J )  
CALCULATE K 
K = P PRIME * H TRANSPOSE * THE INVERSE OF (H* P PRIME * 
DO 3 1  I = l r N 2  
DO 31  J Z l t N 2  
DO 30  K = l r N 1  
DO 3 0  L = l r N 1  
P P H T ( I f J ) =  PPHT(1rJ )  + H ( I t L ) * P S I P ( L e K ) * H ( J , K )  
PPHT( IpJ)  2 PPHT( IeJ1  + H ( 1 t J )  
DO 33 I = l , N 2  
DO 33 J = l t N 2  
HPHR(I,J)=PPHT(IIJ) 
I F ( N 2 - 1 ) 4 1 ~ 4 2 t 4 1  
PSIP(I~J) = 0.0 
IF(ICODEeNE.0) GO TO 80 
H TRANSPOSE + R )  
PPHT(1tJ)  = 0.0 
4 2  PPHT = l r /PPHT 
GO TO 5 1  
DO 40 J =1rN2 
DO 40 K =lrN2 
A ( 1 )  = PPHT(KrJ)  
4 0 1 = 1 + 1  
C A L L  MATIN(ApAeN2) 
1 = 1  
DO 4 5  J = l r N 2  
DO 4 5  K = l r N 2  
4 1 1 = 1  
PPHT(KPJ) = A(I) 
4 5 1 = 1 + 1  
351 
900 FORMAT(4Xr4(FlO.S15X)) 
51 DO 5U I = 1rN1 
DO 50 J = 1rN2 
00 50 K = lrN2 
DO 50 L = lrNl 
A K ~ I P J )  = 0.0 
50 AK (IvJ) = AK (I@J) +PSIP(I IL)*H(KPL)*PPHT(KIJ] 
C CALCULATE P P= PP - K*H*PP 
DO 55 I = 1rNl 
DO 55 J = lrN1 
P (IrJf=O.O 
00 60 K = 1r N1 
DO 60 L = lr N2 
60 P(IIJ) = ~ ( 1 8 ~ )  + AK(I~L)*H(L~K)*PSIP(K~J) 
55 P(IrJ) = PSIP(1rJ) - P(IrJ) 
C MAKE P A SYMMETRIC MATRIX BY USING THE MEAN OF THE CORRESPONDING 
C LOWER AND UPPER OFF DIAGONAL ELEMENTS 
65 NM = N1- 1 
DO 70 I = 1,NM 
L = I + 1  
00 70 J = LrN1 
P(ItJ1 = O.S*(P(IPJ)+P(JPI)) 
70 P(Jr1) = P(ItJ) 
GO TO 100 
80 00 90 I=lrNDIM 
DO 90 J=lvNDIM 
90 P(IIJ)=PSIP(IIJ) 





C THIS SUBROUTINE CALCULATES THE STATE TRANSITION MATRIX USING 
C NUMERICAL DIFFERENCING 
C +, 
C O M M ~ N / M I S C / A C C P I D N F ~ I C O O R ~ I T R ~ I M N F ~ F A C P ~ F A C V ~ I S P ~ ~ B I A ~ ~ ~ ~ ~ I P G N  
C O M M O N / S T M / P ~ 1 7 r l 7 ~ r P 5 I ( 1 7 , 1 7 ~ ~ Q ~ l f r 1 7 ~ r H ~ ~ r l 7 ~ r R ~ 4 ~ 4 ~ ~ A K ~ l 7 r 4 ~  
COMMON/TIM / U A T E J P T H T M ~ ~ D E L T M ~ F N T M ~ U N I V T ~ T R T M ~  
C O M M O N / T R A J C D / M T M C ~ I S T M C I I S T M l r D T M A X ~ N O A C C ~ A C C N D  
C O M M O N / V M / N B O R ~ N B ~ ~ ~ ~ , N T P , A L N G T H , T M P D E L T P ~ I N P R P I P R O B ~ R C ~ ~ ~ ~ D C ~  
~ H S I ~ 3 ~ ~ V S I ~ 3 ~ r ~ S I r I S P H , R V S ~ 6 ~ r V M U ~ E ~ ~ D T ~ B D R r D E L ~ H r T I M I N T r I N C M T r  

















DO 1 I=lr6 
H P ( I ) = R F ( I )  
SAVE= ACC 
IPRZIPRINT 
IPR INT=  1 
ACC=ACCND 
C A L L  N T M ( R I P R P ~ ~ ~ O )  
GO TO ( 1 0 ~ 2 0 ) ~  NTMC 
C A L L  NTM(RIeRPr2rO) 
N = l  
Fl=FACP 
F2=FACV 
IF(NDACC.EQ.01 GO TO 5 
IF(NDACC.NE.0) GO TO 20 
IF(OELTM.GE.1Oe) GO TO 21 
FACP=lO**FACP 
FACV=lO.*FACV 
IF(OELTM.LE*lOO.) GO TO 60 
FACP=+l*FACP 
FACV=.l*FACV 
GO T O  60 
GO TO 60 
DO 30 I I = 1 * 6  
T ( I I ) = R I ( I I )  
I F ( N - 4 )  3 5 r Y O f i 4 0  
T ( N )  =RI(N)+FACP 
GO TO 41 
C A L L  N T M ( T P U . ~ ~ V O )  
DO 45 M = ? r 6  
I F ( N  - 4) 5 0 ~ 5 5 ~ 5 5  
PSI(MrN)=(U(M)-RP(M)) /FACP 
GO TO 45 
PSI(MPN)=(U(M)-RP(M))/FACV 
CONTINUE 
N = N + l  







T(N)  =RI(N)+FACV 
353 
UTINE NEWPGE 
N /CON/V(lbr7 4 . . . . 1 ,  * , ..nv 
~INCMNT,INCPRPINCPIPR 
YtIPRT(Y.1 
COMMON/COM/KLVIPGP T LINPGE 
COMMON / B L K / R A D I U S ~ 1 1 ~ ~ R M A S S ~ l l ~ ~ N O ~ l l ~ ~ E L M N 7 ( 8 O ~ ~ S P H E ~ E ~ l l ~ ~ X P ~ 6 ~  
COMMON /PRT/MONTH(12)rPLANET(ll) 
IPG=IPG+l 
WRITE ( 6 ~ 1 )  
COMMON/BLK/T~PMASS ,CN(BO)rST(SO)r (15),SMJR(18 
1 FORMAT (120H 
8 1  V I R T U A b  M A S S  P R O G R l A M  F O R  C O M P  
r 6 U T I N G  S f A C E  T R A J E C T O R I E S  1 
C 
WRITE (6~2) KLvIPG 
WHEN IPGZlrON Y TITLEpPROBLEM NUMBEHPAND PAGE NUMBER ARE GIVEN, AS 
THIS SIGNAL5 ~ NPUT DIAGNOSTICS ARE TO BE GIVEN, OR INPUT DATA 
L I N C T S  




C IS TO BE  LIST^ 
IF(IPGeEQ.1) GO TO 10 
WRITE (6,251 
X - COMPe 3 FORMAT ( 40X80H 











































CALL P O S V L ( C C A ~ C C E ~ C C I ~ C C L , C C W I C C W ~ C C M ~ ~ C C N ~ C C R ~ ~ C C R M ~ ~ C C V ~ ~ C C V M ~ ~ S S G )  

















VHP = VHL 
DO 72 1 = 1 ~ 3  
S(I)=HHVE(I) 
RAP = HHVRA 
DPA = HHVDC 
CCTAl'Z STAl 
DO 71 I I 1t3 
XL(I+3) = SXL(I+31 
JC3 = SJC3 







RL = SRL 
HHVEQ(I)=HHVEQ(I)/VHL 
DDAZ = 90.0 
35 CALL HYPER(HHVEQ1PRqVHL ~DDG,DDLAT,HHA,HHEIHHI~HHLIHHwIHHNIHHPVIH 
~HQIHHwIDDAZPC~~HHPVDLAQIRALQ) 
RJ=HHP/(l.+HHE*COS(HHTA/RAD)) 
CALL HYPSV(RJ PHHPIHHEPC~~VHL ~DDGIPR,HHPV~HHQ,HHTA~~HHRQ~,HHVB~, 
CALL AUX~HHN~DDLAT~DOLON~DOAZ~HHP~IHHWIHHQ~HHTA~ANG~~ANG~~TIM~~TIM~~HH 
IF(JINJT)le45rl 
1 HHVM~IHHWIPTH tHHTlrHHRlrHHVlrECEQ) 
~VEQ~HHE~PR~DDG~ROT~DDJDIHHWITL~TBIPHI~THIIHHWIRAI~AZI~TINJ~TC~ 
1 CONTINUE 
CALL OTZ(XL#XPvRLtCCVMl,CCPSIvCCAvCCItVLtRPtVpv CCT 
~ A ~ ~ C C T A ~ ~ T L ~ T I N J I N T D D ~ T F ~ N T T T ~ C ~ ~ V H L  vDLAQIRALQ~RJPHHVM~IPTH,VHPI 
~ D P A P K A P ~ H H E I U D A Z ~ T B , P H I ~ ~ H I , R A I ~ A Z I I T C , C C E )  








C THIS SUBROUTINE I S  RESPONSIBLE FOR GENERATING 
C TRAJECTORY WHICH I S  USED I N  THE VARIOUS MODES 
C I N  THE STEAP PROGRAM. 
C 
C THE INPUT ARGUMENTS ARE DESCRIBED AS FOLLOWS. 
C R I  CI I N I T I A L  POSITION AND VELOCITY OF 
THE NOMINAL 
OF OPERATION 
VEHICLE I N  
C HELIOCENTRIC ECLIPTIC COOSDINATES 
C NTC -- NOMINAL TAJECTORY CODE 
C =1 -- PATCHED CONIC TRAJECTORY 
C =2 -- VIRTUAL MASS TRAJECTORY 
C 
C OUTPUT 
C THE OUTPUT ARGUMENT I S  
C RF *- THE FINAL POSITION AND VELOCITY OF THE VEHICLE I N  
C HELIOCENTRIC E L I P T I C  COORDINATES 
C 
C 
DIMENSION R I ( 6 ) r R F ( 6 )  
C O M M O N / B L K / T ~ P M A S S ( 1 l ] r C N ( B O ) , S T ( 5 O ~ ~ E M N ~ l ~ ~ ~ S M J R ~ l 8 ~  
COMMON / B L K ~ R A D I U S ~ l l ~ t H M A S S ~ 1 1 ) , N O ~ l l ~ ~ E L M N T ~ 8 O ~ ~ S P H E R E ~ l l ~ ~ X P ~ 6 ~  
C O M M O N / E V E N T / ~ E V ~ T E V ~ 5 O ~ ~ I E V N T ~ 5 O ~ ~ I H Y P 1 ~ I E I G ~ T P T 2 ~ 2 0 ~ ~  
3ICDT3~20~~NPE~NGE~IPOL,IIPOL,ICDQ3~2O~~SIGR~S~SIGPRO~~IGALP~SIG~ET 
B ~ N E V ~ P N E V ~ , N E V ~ P N E V ~ ~ N Q E  
C O M M O N / M I S C / A C C ~ I D N F , I C O O R ~ I T R ~ I M N F ~ F A C P ~ F A C V ~ I S P 2 ~ B I A ~ l 2 ~ ~ I P G N  




C O M M O N / T R J / I S O I ~ ~ I S O I ~ ~ I ~ O I 3 , I C A l ~ I C A 2 r I C A ~ ~ R C A ~ ~ 6 ~ ~ R C A 2 ~ 6 ~ r  
~ R C A 3 ~ 6 ~ ~ R S O I 1 ~ 3 ~ ~ R S O I 2 ~ 3 ~ r R S O I 3 ~ 3 ~ ~ V S O I l ~ 3 ~ ~ V S O I 2 ~ 3 ~ ~ V S O I 3 ~ 3 ~ ~  
~TCA1~TCA2~TCA3~TSOIl~TSOI2~TSOI3,8SIl~BSI2~BSI3~BDTSIl~BDTSI2~ 
B6DTSI3,BDRSIlrSDRSI2~~DRSI3 
C O M M O N / V M / N 6 O D ~ N B ~ ~ 1 ~ r N T P I A L N G T H , T M , D E L T P ~ ~ N P R ~ I P R O ~ ~ R C ~ 6 ~ ~ D C ~  
~RSI(~)~VSI(~)~DSIIISPH,RVS(~),VMU,B,BD~~BDR~DELTH~TIMINT~INCMT~ 
BIEPHEM,ICLIIPRINTPRE(~)PRTP(~),ICL~ 
3 S L B ~ 9 ~ ~ A V A R M ~ 1 2 ~ r I A M N F ~ A R E S ~ 2 O ~ ~ A P R O ~ 2 O ~ ~ A A L P ~ 2 O ~ ~ A B E T ~ 2 0 ~  
DIMENSION NBS(11) 
Dl=TRTMl+DATEJ 
IF(ABS(ICODE)*EQ*3)  GO TO 60 
5 GO TO (10120)rNTC 
10 WRITE(6t1000)  








GO TO 50 
IF(ICODEmNEe0) GO TO 21 
ISPH=1 
IcL=1 
GO TO 30 
IF(ICODEeLT*O) GO TO 34 
fF(1CODE-2) 22~26e30 
I F ( I S O I l * E Q * O )  GO TO 23 
ISPH=l  
GO TO 24 
ISPHzO 
IF(ICA1.EQ.O) GO TO 25 
I C L = l  



















GO TO 35 
IF(ISOI~.EQIO) GO T O  27 
ISPH=l 
GO TO 28 
ISPHZO 
IF(ICA2eEQ.O) GO TO 29 
IcL=1 
GO TO 35 
IcL=o 
GO TO 35 
IF(ISOI3eEQ~O) GO TO 31 
I SPH=l 
GO TO 32 
ISPHZO 
IF(ICA3rEQrO) GO TO 33 
IcL=1 
GO TO 35 
IcL=o 
GO T O  35 
ISPHZO 
IcL=o 
CALL V M P ( R I ~ A C C ~ D ~ ~ T H T M ~ P D E L T M ~ R F # I S P ~ )  
IF(ICODE*LE.O) GO TO 50 
IF(1CODE-2) 3 6 ~ 4 1 ~ 4 5  
IF(ISPHeEQ.0) GO TO 38 
If(ISOIlrEQe1) GO TO 38 
1s011=1 







R M P ~ S Q R T ~ R S O I 1 ~ 1 ~ * R S O I l ~ l ~ + R S O I ~ ~ 2 ~ * R S O I l ~ ~ ~ + R S O I l ~ 3 ~ * R S O I l ~ 3 ~ ~  
V M P ~ S Q R T ~ V S O I 1 ~ 1 ~ * V S O I l ~ l ~ + V S O I 1 ( 2 ~ * V S O I l ~ ~ ~ + V S O I l ~ 3 ~ * V S O I ~ ~ 3 ~ ~  
IPGN=IPGN+l 
NRITE(6r2000) I P R O B ~ I P G N ~ T S ~ ~ 1 ~ R S O I l ~ R M P ~ V S O I l ~ V M P , B S I l ~ ~ D T S I l r  
FORMAT~lH1//100X*PRO~LEM*IlO~5X~*PAGE*I~////////lX~l3O~lH*~/// 
W O R S  I1 
BBX*OHIGINAL NOMINAL TRAJECTORY ENCOUNTERED SPHERE OF INFLUENCE AT 
BTRAJECTORY TIME *F10.5* DAYS*///53X*X*19X*Y*I9X*Z*15X*RESULTANT*/ 
B8X*POSITION RELATIVE TO TARGET PLANET*4E20.10/ 
BBX*VELOCITY RELATIVE TO TARGET PLANET*4E20*10 
8///8X*B = *E20.10,5X*E DOT T = *E20*10~5X*B DOT R = *E20*10/// 
81X130(1H*)) 
DO 39 I=1t6 
RCAl(I)=RC(I) 
TCAlZDC-DATEJ 
IF(ICAleEQ.1) GO TO 40 
IF(ICLeEQeO1 GO TO 40 
I C A 1 = 1  
R M P ~ S Q R T ~ R C A 1 ~ 1 ~ * R C A l ~ l ~ + R C A l ~ 2 ~ * R C A l ~ 2 ~ + R ~ A l ~ ~ ~ * R C A l ~ 3 ~ ~  
VMP=SQRT(RCA1(4)*RCAl(4)+RCAl(5)*RCAl(5)+RCA~(6)*RCAl(6)) 
IPGN=IPGN+1 
WRITE(6p2001) I P R O B ~ I P G N ~ T C A 1 ~ ~ R C A l ~ I ~ , I = L r 3 ~ ~ R M P ~ ~ R C A l ~ I ~ r I ~ 4 ~ 6 ~ ~  
FORMAT~1H1~/100X*PROBLEM*IlOt5X*PAGE*I5///~////lXl3O~lH*~/~/8X 
BVMP 
$*ORIGINAL NOMINAL TRAJECTORY REACHED POINT OF CLOSEST APPROACH TO 
359 
STAHGET PLANET AT *F1005* DAYS* ///53X*X*19X*Y*19X*Z*l5X*RESULTAN 
$T*/8X*POSITION RELATIVE TO TARGET PLANET*4E20.10/8X*VELOCITY RELAT 
BIVE TO TARGET PLANET*4E20.10///1X13O(lH*)) 
40 IF(ITReNEe4) GO TO 50 
IF(NQEeNEe0) GO TO 50 
41 IF(ISPHeEQe0) GO TO 43 
IF(ISOI2oEQol) GO TO 43 
1s012=1 







R M P ~ S Q R T ~ R S O I 2 ~ 1 ~ * R S O I 2 ~ l ~ + R S O I ~ ~ 2 ~ * R S O I 2 ~ 2 ~ + R S O I 2 ~ 3 ~ * R S O I 2 ~ 3 ~ ~  
V M P ~ S Q R T ~ V S O I 2 ~ 1 ~ * V S O I 2 ~ l ~ + V S O I ~ ~ 2 ~ * V S O I 2 ~ 2 ~ + V S O I 2 ~ 3 ~ * V S O I 2 ~ 3 ~ ~  
IPGN=IPGN+l 
WRITE(6r2002) I P R O B ~ I P G N ~ T S O I ~ ~ R S O I ~ , R N P I V S O I ~ ~ V M P ~ B ~ ~ ~ ~ B O T S X ~ I  
SBDRSI2 
SBX*MOST RECENT NONINAL TRAJECTORY ENCOUNTERED SPHERE OF INFLUENCE 
SAT TRAJECTORY TIME *F10e5* DAYS*/ / /53X*X* lgX*Y*1SX*Z*1SX*RESULTANT 
$*/BX*POSITION RELATIVE TO TARGET PLANET*4E20*10/ 
SBX*VELOCITY RELATIVE TO TARGET PLANET*4E20*10 
SlX130(1H*)) 
43 IF(ICA2eEQel.I GO TO 50 







WRITE(6v2003) I P R O B I I P G N ~ T C A ~ ~ ~ R C A ~ ( I ) , I = ~ , ~ ) ~ R M P , ( R C A ~ ~ I ~ I I ~ ~ ~ ~ ~ I  
2002 F O R M A T ~ ~ H ~ ~ / ~ ~ ~ X * P R O B L E M * I ~ ~ ~ ~ X ~ * P A G E * I ~ / / / / / ~ / / ~ X I ~ ~ O ~ ~ H * ~ / / /  
S / / / 8 X * B  = *E20*1015X*B DOT T = *E20.10,5X*B DOT R = *E20010/// 
IF(ICLeEQe0) GO TO 50 
BVMP 
$*MOST RECENT NOMINAL TRAJECTORY REACHED POINT OF CLOSEST APPROACH 
2003 F O R M A T ~ ~ H ~ ~ ~ ~ ~ ~ X * P R O B L E M * I ~ O I ~ X * P A G E * I ~ / / / ~ ~ / ~ / ~ X ~ ~ O ~ ~ H * ~ / / / ~ X  
$TO TARGET PLkFJET AT *F1003* DAYS*///53X*X*19X*Y*l9X*t*15X*RESULTAN 
BT*/8X*POSITION RELATIVE TO TARGET PLANET*4E20r10/8X*VELOCITY RELAT 
SIVE TO TARGET PLANET*4E20r10~//1X130(lH*)) 
GO TO 50 
45 IF(ISPHoEQo0) GO TO 47 
IF(ISOI3eEQol) GO TO 47 
I SO I3=1 
DO 46 I=113 
RS013(I)=RSI(I) 





R M P ~ S Q R T ~ R S O I 3 ~ l ~ * R S O I 3 ~ l ~ + R S O I ~ ~ 2 ~ * R S O I ~ ~ ~ ~ ~ R S O I 3 ~ 3 ~ * R S O I 3 ~ 3 ~ ~  
V M P ~ S Q R T ~ V S O I 3 ~ 1 ~ * V S O I 3 ~ l ~ + V S O I ~ ~ 2 ~ * V S O I 3 ~ ~ ~ + V S O I 3 ~ 3 ~ * V S O I 3 ~ 3 ~ ~  
IPGN=IPGN+l 
WRITE(6t2004) I P R O B I I P G N I T S ~ ~ ~ ~ R S O I ~ I R M P I V S O I ~ ~ V M P , B S I ~ ~ B D T S I ~ I  
46 
BBDRSI3 
2004 F O R M A T ~ ~ H ~ / / ~ ~ ~ X * P R O B L E M * I ~ O I ~ X , * P A G E * I ~ / / ~ ~ ~ ~ / / ~ X ~ ~ ~ O ~ ~ H * ~ / / /  
360 
47 
4 8  
BBX*ACTUAL THAJECTORY ENCOUNTERED SPHERE OF INFLUENCE AT TRAJECTORY 
5 TIME * F 1 0 e 5 *  OAYS*///53X*X*19X*Y*19X*Z*l5X*RESULTANT*/ 
BBX*POSITION RELATIVE TO TARGET PLANET*4E20.10/ 
58X*VELOCITY RELATIVE TO TARGET PLANET*YE20*10 
B///8X*B = *E20.10~5X*B DOT T = *E20.10~5X*B DOT R = *E20010/// 
% l X 1 3 0 ( 1 H * ) )  
IF(ICA3.EQ.1) GO TO 50 
DO 48 I = l r 6  
R C A 3 ( I ) = R C ( I )  
TCA3=DC-DATEJ 
I C A 3 = 1  
R M P = S Q R T ( R C A 3 ( 1 ) * R C A 3 ( 1 ) + R C A 3 ( 2 ) * R C A 3 ( 2 ) ~ R C A 3 ( 3 ) * R C A 3 ( 3 ) )  
V M P = S Q R T ( R C A J ( Y ) * R C A J ( Y ) + R C A 3 ( 5 ) * R C A 3 ( 5 ) + R c A 3 ( 6 ) * R C A 3 ( 6 ) )  
IPGN=IPG&+l 
WR1TE(6~2005)  I P H O B ~ I P G N ~ T C A ~ P ~ R C A ~ ~ I ~ , I = ~ ~ ~ ~ , R M P I ~ R C A ~ ~ I ~ P I ~ ~ P ~ ~ ~  
IF(ICL.EQ.0) GO TO 50 
BVMP 
2005 F O R M A T ~ 1 H 1 / / 1 0 0 X * P R O ~ L E M * I l O ~ 5 X * P A G E * I ~ / / / ~ / ~ / ~ ~ X l ~ O ~ l H * ~ / ~ / 8 X  
%*ACTUAL TRAJECTORY REACHED POINT OF CLOSEST APPROACH TO TARGET PLA 
%NET AT * F loes*  DAYS* ///53X*X*19X*Y*lgX*Z*15X*RESULTAN 
%T*/BX*POSITION RELATIVE TO TARGET PLANET*4E20*10/8X*VELOCETY RELAT 
BIVE TO TARGET PLANET*4E20.10///1X130(1H*)) 
50 IF(ABS(ICODE).NE.3) GO TO 100 
NBOD=NBODS 
ACGACCS 



















GO TO 100 
6 0  DO 61  I = l e N B 0 0  
61 N B S ( I ) = N B ( I )  
5 1  N B ( I ) = N B S ( I )  
NBOOS=NB00 
NBOD=NBODl 
DO 62 1=1@NBOD 
ACC S=ACC 










SMJR(Kl+ l )=SMJH6Kl+ l )  + DAB/ALNGTH 






CN(K2+1) = CN(K2+1) + DEB 
CN(K2+2) = CN(K2+2) + DEE 
CN(K2+3) = CN(K2+3) + DEB 














ST(K2+1) = ST(K2+1) + DEB 






GO TO 5 
END 









































2 0 1  
THIS SUBROUTINE DETERMINES THE MEAN ORBITAL ELEMENTS ( A ,  E *  11 
NODE, OMEGA) OF EACH OF THE PLANETS AT A GIVEN DATE. THE 
ARGUMENTS ARE DEFINED AS FOLLOWS. 
I P  .. NUMBER OF PLANET AS GIVEN BY THE FOLLOWING CODE 
1 - SUN 
2 .. MERCURY 
3 - VENUS 
4 - EARTH 
5 - MARS 
6 - JUPITER 
7 - SATURN 
8 - URANUS 
9 - NEPTUNE 
1 0  . PLUTO 
11 - EARTH-S MOON 
D - UAfE AT WHICH THE ELEMENTS ARE TO BE EVALUATED 
THE ELEMENTS ARE RETURNED I N  THE ARRAY ELMNT AS 
ELMNT(8*IP-15) = I 
ELMNT(8*1P-14) = NODE 
ELMNT(8*IP-13) = OMEGA 
ELMNT(B*IP-12) = E 
ELMNT(B*IP-lO) = A 
ALSO ELMNT(B*XP- 9) = OMEGA - NODE 
I K = I K + 1  
K=10*(1-5)+J 




GO TO 240 
364 
SUBROUTINE O T ~ ( X L P X P P  D D R M ~ P C C V M ~ ~ C C P S I ~ C C A ~ C C I P D D V M ~ ~ T T R M ~ ~  
~ T T V M ~ , C C T A ~ ~ C C T A ~ ~ T L ~ T I N J , N I D D , T F I N T T T I C ~ ~ H H V M ~ ~ D L A Q ~ R A L Q ~ R J ~ H H V Q M  
~ ~ P T H ~ V H P P D P A ~ R A P ~ H H E ~ D D A Z , T B I P H I , T H I ~ R A I ~ A Z I P T C ~ C C E ~  
DIMENSION N T D D ( S ) r N T T T ( 5 ) r X L ( 6 ) r X P ( 6 ) r D D R 1 ( 3 ) , T T R 7 ( 3 )  
W f ? I T E ( 6 ~ 9 0 0 )  
P I  = 3.1415926536 
00 1 1 = l r 3  
1 T T R 7 ( I ) = X P ( I )  
UDR~(I)=XL(I) 
AU = 149.5985 
AUDAY = A U / ( 2 4 ~ * 3 6 0 0 ~ ) * 1 0 0 0 0 0 0 o  
HAD = 57.2957795 
R Z CCTA7/6028318531 
N = R  
x = N  
CCTA7 = ( R 0 X ) * 6 r 2 8 3 1 8 5 3 1  
I F ( D L 0 )  3 0 ~ 3 1 ~ 3 0  
X F ( D L 0 1 3 2 ~ 3 1 r 3 3  
IF(DDR1) 3 2 r 3 3 ~ 3 3  
30 DLA = A T A N ( D O R ~ / D L O )  
31 DLA = P I / 2 r  
3 2  DLA = O L A  + P I  
33 I F ( D L A ) 3 4 ~ 3 5 r 3 5  
35 I F ( T L 0 )  4 0 ~ 4 1 t 4 0  
4 0  TLA =ATAN(TTR7/TLO) 
I F ( T L 0 ) 4 2 , 4 1 @ 4 3  
4 1  TLA = PJ.12. 
I F ( T T R 7 ) 4 2 @ 4 3 r 4 3  
42 T L A  = TLA + P I  
4 3  I F ( T L A ) 4 4 r 4 5 , 4 5  
34 O L A  = 20 * P I  + DLA 
4 4  TLA = 20 * P I  + TLA 
4 5  AZL = 0.0 
G A L  0.0 
GAP = 0.0 
CCVM7 = 0.0 
HCA = 0 1 0  
AZP = 0.0 
RCA = 0.0 
APO = 0.0 
DORM1 = DOR#l*AU 
C C V M 1  = CCYMl*AUDAY 
CCPSI = CCPSI*HAD 
CCA=CCA*AU 
CCI=CCI*RAD 
O O V M l  = DDVMl*AUDAY 
TTRM7 = TTRM7*AU 
TTVM7 = TTVM7*AUDAY 
CCTAl  = CCTAl*RAD 
CCTA’I = CCTA7*RAD 
I 
W R I T E ( 6 t 9 5 1 )  T T R M ~ ~ T L A P T L O P C C V M ~ , G A P I A Z P , C C T A ~ ~ C C T A ~ ~ R C A ~ A P O ~ T T V M ~  
WRITE(6v958)  
W R I T E ( ~ , ~ ~ ~ ) C ~ ~ H H V M ~ P D L A Q ~ R A L Q ~ R J ~ H H V Q M ~ P T H ~ V H P ~ D P A ~ R A P ~ H H E  
WRITE(6 r954)  
I T L  = T L  SEC 5 TL*3600*  
X 1  = I T L  
365 
SECH = X1*3600o 
MTL = (SEC - SECH) /600 
SECM = MTL*60 
SJTL = SEC - SECH - SECM 
IHOUR = T I N J  
X I  = IHOUR 
SEC 3 T I N J  * 36000 
SECH = X1*3600o 
MIN = (SEC-SECHII6Oo 
SECM = MIN*60 
SECI = SEC-SECH-SECM 
WRITE~6~955~DOAZ~ITLlMTLISJTLIfsrPHIITHI~THI~RAI~AZI~IHOUR~MIN~~ECI~TC 
900 FQRMAT(//lOX~25HPOINT-TO-POINT CONDITIONS) 
950 F O R M A T ~ ~ X ~ ~ H R L ~ F ~ ~ ~ ~ ~ X ~ ~ H L A L ~ F ~ O ~ ~ ~ X ~ ~ H L O L ~ F ~ ~ ~ ~ ~ X ~ ~ H V L ~ F ~ ~ ~ ~ ~ X ~ ~  
~ H G A L ~ F ~ ~ ~ ~ ~ X ~ ~ H A Z L ~ F ~ O ~ ~ ~ X ~ ~ H H C A , F ~ . ~ , ~ X ~ ~ H S M A ~ F ~ O ~ ~ ~ X ~ ~ H E C C ~ F ~ O ~ ~  
2 1 X t 3 H I N C ~ F 7 0 4 t l X ~ 2 H V l , f 8 . 3 )  
~ H G A P , F ~ O ~ , ~ X ~ ~ H A Z P ~ F ~ ~ ~ , ~ X , ~ H T A L , F ~ ~ ~ , ~ X ~ ~ H T A P ~ F ~ ~ ~ ~ ~ X ~ ~ H R C A ~ F ~ O ~ ~  
~ ~ X , ~ H A P O I F ~ O ~ V ~ X ~ ~ H V ~ ~ F B ~ ~ )  
952 FORMAT( ~ X ~ ~ H R C ~ F ~ ~ ~ ~ ~ X P ~ H G L P ~ ~ O ~ ~ ~ X ~ ~ H G P ~ F ~ O ~ ~ ~ X ~ ~ H Z A L ~ F ~ O ~ ~ ~ X ~ ~ H  
~ Z ~ P ~ F ~ O ~ ~ ~ X ~ ~ H E T S ~ F ~ ~ ~ , I X ~ ~ H Z A E I F ~ . ~ ~ ~ X ~ ~ H E T E ~ F ~ O ~ ~ ~ X ~ ~ H Z A C ~ F ~ O ~ ~ ~  
~ X P ~ H E T C ~ F ~ O ~ ~ ~ X P ~ H C L P V F ~ O ~ )  
I ~ H R A D I F ~ ~ ~ ~ ~ X ~ ~ H V E L I F ~ ~ ~ , ~ X ~ ~ H P T H , F ~ , ~ ~ ~ X ~ ~ H V H P ~ F ~ ~ ~ ~ ~ X ~ ~ H D P A ~ F ~ ~ ~  
~ P ~ X P ~ H R A P I F ~ O ~ P ~ X P ~ H E C C P F ~ O ~ )  
955 F ~ R M A T ~ ~ X ~ F ~ ~ ~ ~ ~ X ~ I ~ , ~ X , I ~ ~ ~ X , F ~ . ~ , ~ X , F B ~ ~ ~ ~ X ~ F ~ O ~ ~ ~ X ~ F ~ O ~ ~ ~ X ~ F ~ O ~  
1 ~ 5 X ~ F 7 o 2 ~ 3 X ~ I 2 ~ 1 X ~ I 2 , 1 X , F 2 o O ~ 4 X ~ F 7 r 1 , 3 X ~ F 8 ~ 2 ~ 3 X ~ F 9 o 2 ~  
951 F O R M A T ( ~ X ~ ~ H R P ~ F ~ ~ ~ ~ ~ X ~ ~ H L A P , F ~ ~ ~ , ~ X , ~ H L O P ~ F ~ ~ ~ ~ ~ X ~ ~ H V P ~ F ~ O ~ ~ ~ X ~ ~  
953 F O R M A T ~ ~ X ~ ~ H C ~ ~ F ~ O ~ ~ ~ X ~ ~ H V H L , F ~ , ~ , ~ X , ~ H D L A ~ F ~ O ~ ~ ~ X ~ ~ H R A L ~ F ~ O ~ ' ~ ~ X ~  
954 FORMAT(6XvllBHLNCH AZMTH LNCH TIME L-I TIME I N J  LAT I N J  LONG 
l I N J  RT ASC I N J  AZMTH PNJ TIME PO CST TIM INJ  2 LAT I N J  2 LONG 
2) 
B l2HARRIVAL ' D A T E ~ 1 6 ~ 4 1 3 t F 8 . 3 )  
956 FORMAT( ~ X P I ~ H L A U N C H  D A T E ~ I ~ P ~ I ~ , F ~ O ~ V ~ ~ X P ~ ~ H F L I G H T  T I M E P F ~ O ~ P ~ X ,  
957  FORMAT( 7Xr18HHELIOCENTRfC C O N I C I ~ ~ X P B H D I S T A N C E , ~ X I ~ S . ~ )  




SUBROUTIhE O U T l ~ X T A R G ~ J O P T ~ N I T S , N B , I D A T l ~ S ~ ~ I ~ A T 2 r S 2 ~ I D A T 3 ~ S 3 ~ B D T ~  
2 B D R I D I N C ~ R C A ~ T O L ~ ~ T O L ~ , T O L ~ ~ A C C ~ R S ~ I N P R ~ D E L T P ~ N B O D ~ L W O P T P A C ~ M I D I ~  
DIMENSION NB(ll)rIDAT1(5),10AT2(5),IDAT3(5),RS(6)rAC(5) 
7 WRITE(6r617)JOPT 
GO TO ( 9 v l O ) v J O P T  
9 WRITE(6v629)  
GO TO 11 
1 0  WRITE(6v630)  
11 JRITk.(6v610)Nfj3(2) 
W R I T E ( 6 r 6 1 1 ) I D A T l r S 1  
I F ( I T A R G - 2 ) 1 2 r 1 2 r S  




8 WRITE(6 r620)  
12 CONTINUE 
2 W R I T E ( ~ P ~ O ~ ) I T A R G  
GO TO (21?22,23,24r25,26),ITARG 
21 WRITE(b r623)  
GO TO 27 
22 W R I T E ( 6 t 6 2 4 )  
GO TO 27 
23 WRITE(6v625)  
GO TO 2 7  
2 4  WRITE(6vb26)  
GO TO 27 
25 WRITE(6 t627)  
GO TO 27 
26 w R I T E ( 6 ~ 6 2 8 )  
27 CONTINUE 
W R 1 T E ( 6 ~ 6 1 0 ) N 8 ( 3 )  
W R I T t ( 6 t 6 1 1 ) I D A T 3 ~ S 3  
GO TO ( 1 2 ~ 6 r 6 ~ 6 ~ 3 ~ 3 ) v I T A R G  
3 W R I T E ( ~ P ~ ~ ~ ) D I N C P R C A , I D A T ~ ~ ~ ~  
1 F ( 1 T A R G - 5 ) 5 * 5 ~ 4  
4 W R I T E ( ~ ~ ~ ~ ~ ) T O L ~ , T O L ~ P T O L ~  
TOL lZ25  a 
TOL2=25 c 
TOL3Z e 0 0 5  
5 WRXTE(61614! 
6 W R I T E ( ~ P ~ ~ ~ ) B O T P B D R I I D A T ~ , S ~  
W R I T E ( ~ P ~ ~ ~ ) T O L ~ ~ T O L ~ , T O L ~  
WRJTE(6,631)LVOPT 
I F ( L V O P T - l ) 3 0 t 3 0 r 3 1  
30 WRITE(6 r632)  
W R I T E ( ~ ~ ~ ~ ~ ) A C C I * N I T S  
GO TO 40 
18=8 
W R I T E ( 6 ~ 6 3 3 ) A C ( l ) e 1 8  
LWl=LVOPT-l 
DO 32 I Z 2 r L V 1  
W R I T E ( ~ I ~ ~ ~ ) L V O P T P A C C ~ N I T S  
WRITE(b r600)  
31 WRXTE(6r634)LVOPT 
32 W R I T E ( ~ ~ ~ ~ ~ ) I I A C ( I ) P M I D I  
40 CONTINUE 
6 0 0  FORMAT(IHI) 
6 0 3  FORMAT(// 1OXt18HPROGRAM PARAMETERS) 
6 0 4  F O R M A T ( ~ O X I ~ H A C C U R A C Y = P E ~ O ~ ~ )  
367 
6 0 5  FORMAT(20Xt7H80DIES=,11IJ) 
6 0 6  FORMAT(2OXt21HMAX NO OF I T E R A T I O N S = P I ~ )  
6 0 7  FORMAT(20X,17HPRINT INCREMENTS=rI6) 
6 0 9  FORMAT(//lOXt27HTARGET CONDITIONS ( O P T I O N e I 2 r l H ) )  
610 FORMAT(20X,7HPLANET=rIS) 
6 0 8  FORMAT(20X*20HPRINT TIME INTERVAL=rFlO*3) 
611 F O R M U T ( ~ O X , ~ H D A T E = ~ I ~ , I ~ , I ~ , I ~ , I ~ , F ~ . ~ )  
612 F ~ R M A T ~ 2 0 X ~ 4 H I N C ~ ~ F 1 O ~ 4 ~ 5 X ~ 4 H R C A ~ r F 1 O I 1 , ~ X ~ 4 H T C A ~ t I 5 ~ I ~ ~ I 3 ~ I 3 ~ I ~ ~  
613 F ~ R M A T ~ 2 0 X ~ 4 H T O L ~ ~ F l O o 4 ~ 5 X t 4 H T O L ~ r F 1 0 . l , 5 X ~ 4 H T O L ~ ~ F 9 o 5 ~  
615 F O R M A T ( ~ ~ X I ~ H B O T = ~ F ~ O ~ ~ , I ~ , ~ X ~ ~ H B O R ~ ~ F ~ O O ~ ~ ~ X ~ ~ H T S I ~ ~ I ~ ~ I ~ ~ I ~ ~ I ~ ~ I ~ ?  
616 F O R M A T ~ 2 0 X ~ 4 H T O L ~ ~ F 1 O . l r S X , 4 H T O L ~ r F 1 0 . l r 5 X ~ 4 H T O L ~ ~ F 9 o ~ ~  
1 F703)  
614 FORMAT( I~XP~OHAUXIL IARY CONDITIONS) 
1 F7.3) 
617 FORMAT(//lOXt3OHINJECTION CONDITIONS ( O P T I O N I I ~ P ~ H ) ~  
618 FORMAT(20Xi39HZERO ITERATE INJECTION CONDITIONS INPUT) 
619 FORMAT(~OXI~EHZERO ITERATE INJECTION CONDITIONS COMPUTED FROM PATC 
620 F O R M A T ( ~ ~ X P ~ ~ H H E L I O C E N T R I C  ECLIPTIC COORDINATES) 
lHED CONIC TRAJECTORY) 
621 F O R M A T ~ ~ ~ X ~ ~ H P O S I T I O N ~ , ~ ( ~ X I E ~ ~ . ~ ~ ) , ~ X , I ~ , ~ H M A G ~ , I ~ , E ~ ~ ~ ~ O ~  
6 2 2  F O R M A T ( ~ O X I ~ H V E L O C I T Y = P ~ ( ~ X P F ~ ~ * ~ ~  ~ X ) , ~ X , I , ~ H M A G = , F ~ ~ ~ ~ O )  
6 2 4  F O R M A T ( ~ ~ X P ~ ~ M O P T I O N  2 r o o  TARGETED PATCHED CONIC CONDITIONS) 
625 FORMAT(20X,36HOPTION 3 + e o  B*TPBIRPAPPROXIMATE T S I )  
626 F O R M A T ( ~ O X P ~ ~ H O P T I O N  4 o r e  ~ o T P B o R P T S I )  
627 FORMAT(20Xe36HOPTION 5 APPROXIMATE INCvRCApTCA) 
628 FORMAT(~OXI~~HOPTION 6 o r e  INCIRCAITCA) 
623 FORMAT(20Xe38HOPTION 1 . O O  POINT-TO-POINT CONDITIONS) 
629 FORMAT(20Xt59HOPTION 1 * r e  COMPUTE ReVvTINJ FROM PATCHED CONIC TRA 
6 3 0  FORMAT(20Xt27HOPTION 2 0 . .  INPUT R p V t T I N J )  
631 FORMAT(//lOX,28HTARGETING SCHEDULE ( O P T I O N I I ~ , ~ H ) )  
632 FORMAT(20Xv7Hl LEVEL) 
IJECTORY 1 
633 F O R M A T ( ~ O X V ~ ~ H L E V E L  1 .I*.*. ACCURACY=, E10~2t5X~l1HITERATIONS=rfJ ,  
1 5X112HSTM COMPUTED) 
6 3 4  F O R M A T ( ~ O X ~ I ~ , I ~ , ~ H  LEVELS) 
6 3 5  F O R M A T ( ~ O X P ~ H L E V E L V I ~ P ~ ~ H  v a o m e  A C C U R A C Y = P E ~ ~ ~ ~ ~ ~ X ~ ~ ~ H I T E R A T I O N S = P  










~ R S I ( ~ ) ~ V S I ( ~ ) ~ R S ~ ~ ~ S P H I R V S ( ~ ) ~ V M U ~ B ~ B D T I ~ D ~ ~ D E L T ~ ~ T I M ~ N T ~ I ~ C M T ~  
B I E P H E M ~ I C L r I P R I N T ~ R E ( 6 ) , R T P ( 6 f r I C L 2  
OIMENSION RI(6)rRS(3)rVS(3)rDUM(6,6) 
R=TRTMl+RATEJ 
DO 10 I=lrNBOD 
IP=NB ( I) 
NO ( 1 ZIP 
CALL ORB(IPID) 
CALL E P H E M ( ~ P U I ~ )  




IF(SPHERE(IP)*ALNGTH*l.l*GE.RN) GO TO 20 
IP=1 






DO 40 1=1r6 




2 0  GMS=PMASS(IP)*ALNGTH*ALNGTH*ALNGTH/(TM*TM) 
370 
SUBROUTINE PECEQ~NPPDPECEQ) 






GO TO (50r2,3r4,5,6r7,8r9rlO)~NP 
XL=0*8228518595+2,068578774E-02*T+3.034933644E~O6*T*T 









GO TO 20 














GO TO 20 
GO TO 20 
GO T O  20 
GO TO 20 
10 XI=Oe2996712872 
20 CALL E U L M X ( X L V ~ ~ X I @ ~ F O ~ P O , E C O P )  
XL=1.917865870 
CALL E U L M X [ X L Q I - ~ P X I Q I ~ ~ ~ O I , O , O P E Q )  
DO 60 I = 1 ~ 3  
DO 60 J = le3 
DO 60 K = 1 ~ 3  
ECEQ(1pJ) = 0.0 























IF (ABS(SHCA) - r0001)6 ,6 ,7  


















14 GO TO (15r16)rJ 
15 HCAZANG 
c=cw 




18 N T Y S 2  























































IF(1AUG-9) 8 0 ~ 9 0 ~ 1 0 0  
K=6 
GO TO 110 
K=8 
GO TO 110 
K=12 
DO 111 I=lr6 










SUBROUTINE POSVL(AIE~XIVWCIW,AMIWPIRPIRIVP,V,GMS)  
























4 FORMAT(13hONO CONV DLE=E15rB) 
R=A*(le-E*CEA) 
STA=SQRT(lr-CTA**2)*SGN 
PI = 3.1415926536 
IF(CTA)30e31~30 
30 TA = ATAN(STA/CTA) 
IF(CTA)32r31,33 
IF(STA)32~33r33 
31 TA Z PI120 
32 TA = TA + PI 
33 IF(TA)34~35@35 





























3 0  1 
4 
7 
THIS SUBROUTINE I S  RESPONSIBLE FOR THE L O G I C  USED I N  A PREDICTION 
EVENT 9 






























WRITE (6~30001 ~ M O N M ( I T R I I ) ~ I = ~ ~ ~ ) ~ T E V N I T P T P I P R O B , I P G N  
WRITE (6~3003) 
WRITE (6,30141 (Q(I~I)#I=~PNDIM) 
LINES=LINES+B 
CALL NAVM(lP1) 
IF(LINESeLT*MAX-9) GO TO 13 
IPGN=IPGN+l 
WRITE (693000) ( M D N M ( I T R ~ I ) , I = ~ I ~ ) ~ T E V N I T P ~ , I P R O B , I P G N  
LINES=9 
WRITE (6,3004) TEVNvTRTMl 
LINES=LINES+5 
00 2 I=l,NDIM 
IF(LINES*LT*MAX-4) GO TO 9 
IPGN=IPGN+1 
WRITE (6~3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) P T E V N , ~ P T , I P R O B ~ I P G N  
IF (NDIM.EQ.6) GO TO 23 
WRITE (6,3013) I 
LINES=LINES+1 
LINES=LINES+(NOIM-l)/g+l 
DO 5 I=1~6 
RI ( I) =RF (1) 
DO 10 I=~PNOIM 




GO TO (200~200r201r200~201,200,201,200,201,201~201~~ IAUG 





I PR I NT= I PR 
CALL PSIM(RIvRFeISTMC1 
IF(LiNESeLT*MAX-9) GO TO 16 
IPGN=IPGN+1 
WRITE (6~3000) (MDNM(ITR~I)~I=~*~)~TEVN,TPTPTPIPROBPIPGN 
LINEsz9 
WRITE (6,3002) TPTITEVN 
LINES=LINES+S 
DO 3 I=lrNDIM 
IF (LINESvLEeMAX-8 1 GO TO 12 
 LINES=^ 
 LINES=^ 
WRITE (6~3014) (P(IPJ)PJ=~PNDIM) 
IF(L1NESaLTeMAX-4) GO TO 24 
IPGN=IPGN+~ 
WRITE (6~3000) (MDNM(ITReI)~I=1~2)rTEVN~TP~vIPRO~~IPGN 
L1NESzC 
WRITE (6~3013) I 
LINES=LINES+l 
WRITE (6~3014) (PSI(ItJ)rJ=lrNOIM) 
LINES=LINES+(NDIM-1)/6+1 
CALL DYNO(0) 
IF (NDIMeEQe6) GO TO 25 
377 
IF (LINESOLEOMAX-8) GO TO 17 
IPGN=IPGN+l 
WRITE (6,3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) P T E V N I T P T , I P R O B P I P G N  
 LINES=^ 





WRITE 16,3000) ( M D N M ( I T R ~ I ) ~ I = ~ ~ ~ ) P T E V N , T P ~ , I P R O B P I P G N  
IF(LINES.LT*MAX-9) GO TO 18 
L I N E S = ~  
10 WRITE (613006) TPTpTEVN 
LINES=LINES+5 
DO 6 IZlPNDIM 
IF(LINES*LT*MAX-4) GO TO 26 
IPGN=IPGN+l 
WRITE (6~3000) ~ M D N M ( I T R ~ I ) P ~ = ~ ~ ~ ) ~ T E V N I T P T , ~ P R O B ~ I P G N  
L I NES=9 
WRITE(6,3013) I 
LINES=LINES+l 
26 IF (NDIMoEQ.6) GO TO 27 
27 WRITE (6,3014) (P(IPJ)~J=~PNDIM) 
6 LINES=LINES+(NDIM-1)/6+1 
50 ICODE=O 
DO 60 I=lr3 
DO 60 J=1,3 
K=O 
DO 90 J=lr3 
DO 98 I=lr3 
K=K+1 
CALL J A C O B I ( V E I G I E G V L ~ E G V C T I ~ , F O P )  
IPGN=IPGN+1 
WRITE (6r3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) ~ T E V N ~ T P T ~ I P R O B P I P G N  
LINESrg 
WRITE (6~1001) ( I , ( E G V C T ( I r J ) r J = 1 , 3 ) , 1 = 1 ~ 3 )  
LINES=LINES+16 
65 IF(IHYP1-2) 7 0 ~ 8 0 ~ 7 0  
60 PEIG(I,J)=P(IvJ) 
98 VEIG(K)=P(IIJ) 
IF (LINESaLEeMAX-16) GO TO 21 
21 WRITE (6~1000) (ItEGVL(I)rI=lr3) 
70 IF(LINES*LToMAX-16) GO TO 71 
IPGN=IPGN+l 
WRITE (6r3000) ( M D N M ( I T H ~ I ) ~ I = ~ ~ ~ ) P T E V N ~ T P T I I P R O B P I P G N  
LINES29 
71 CALL HYELS(~PPEIGP~) 
LINES=LINES+16 
80 IF(IHYP1-1) 100~100~90 
90 IF(LINES*LTeMAX-16) GO TO 91 
IPGN=IPGN+l 
WRITE (6,3000) ( M D N M ( I T R P I ) ~ I = ~ ~ ~ ) ~ T E V N P T P T , ~ P R O B , I P G N  
L INES=g 
91 CALL H Y E L S ( ~ ~ P E I G P ~ )  
LINES=LINES+16 
100 IF(ICODE)105~105r130 
105 IF(IEIG1 130~130r110 
110 DO 120 I=lt3 















DO 99 J = 4 ~ 6  
DO 99 I=4~6 
K=K+1 
VEIG (K =P ( I e d) 
CALL J A C O B I ( V E I G ~ E G V L F E G V C T ~ ~ ~ F O V )  
IPGN=IPGN+l 






GO TO 65 
DO 500 I=lvNDIM 
DO 500 J=I@NDIM 
RHO(I,J)=P(IrJ)/SQRT(P(I,I)*P(J~J)) 
RHO(J,I)=RHO(ItJ) 
IF(L1NESeLTeMAX-9) GOT0 501 
IPGN=IPGN+l 




DO 504 I=lrNDIM 
IF(LINES*LT*MAX-4) GO TO 502 
IPGN=IPGN+l 
WRITE (6~3000) ( M D N M ( I T R P I ) , I = ~ P ~ ) ~ T E V N ~ T P T I I P R O B , I P G N  
IF (LINESeLEeMAX-16) GO TO 22 
 LINES=^ 





IF(ABS(TSOI1 -TPT).GT*l.) GO TO 139 
DO 135 d=lr2 
DO 135 K = 1 ~ 6  
DO 135 L=lc6 
DUM(IIJ)=DUM(IIJ)+EM(I,K)*P(K,L)*EM(JIL) 
IF(LlNES*LTtMAX-24) GO TO 136 
IPGN=IPGN+1 
WRITE (6~3000) ( M D N M ( I T R ~ I ) ~ f = 1 v 2 ) ~ T E V N , T P f r I P R O B ~ I P G N  
LINES=() 
WRITE(693015) ((DUM(I,J)rJ=1,2),I=lr2) 
FORMAT(///8X*COVARIANCE OF UNCERTAINTIES IN B DOT T AND B DOT R AT 
IF(NGEeEQt0) GO TO 139 
DO 135 1=1F2 
DUM(IPJ)=OI 
5 SPHERE OF INFLUENCE*//2(10X2E25tl3/)) 
CALL J A C O B I ( D U M P D U M ~ ~ O U M ~ ~ ~ , F O V )  
WRITlZ(6~3016) (X~DUM3(1)~1=1~2)~(1,(DUM2(I~J),J=lr2)vI=lv2) 
3016 FORMAT(///20X*EIGENVALUES OF ABOVE MATRIX*//2(22Xt12~E20tlO/)/// 
%20X*EIGENVECTORS OF ABOVE M A T R I X * / / ~ ( ~ ~ X I I ~ ~ ~ E ~ O ~ ~ O / ) )  
139 DO 140 I=1@NOIM 
xI(I)=xF(I) 
DO 140 JzlvNDIM 
140 P(IeJ)=Pl(ItJ) 
1000 FORMAT(///20X*POSITION EIGENVALUES */3(22X~I2v E20t10/)) 
1001 FORMAT(///2OX*POSITION EIGENVECTORS*/3(22X*I2,3E2OtlO/) )  
37 9 
2000 F O R M A T ( / / / 2 0 X * V E L O C I T Y  E I G E N V A L U E S  * / 3 ( 2 2 X * I 2 t E 2 0 * 1 0 / ) )  
3000 F O R M A T ( l H l / / 5 X 2 A l O * - -  P R E D I C T I O N  E V E N T  A T  TRAJECTORY T I M E * F 1 2 . 3  
2001 F O R M A T ( / / / 2 0 X * V E L O C I T Y  E I G E N V E C T O R S * / 3 ( 2 2 X ~ I 2 r 3 € 2 0 ~ 1 0 / ) )  
8* DAYS, P R E D I C T I N G  TO TRAJECTORY T I M E * F 1 2 . 3 *  DAYS* /90X*PROBLEMo .* 
3 1 1 0 1 5 X * P A G E o  * * 1 8 / / / 1 X , 1 3 0 ( 1 H * ) / / )  
3001  F O R M A T ( 1 O X t A l O t E 2 0 * 1 3 )  
3002 F O R M A T ( / / / 8 X * S T A T E  T R A N S I T I O N  M A T R I X  -- PSI(*F12*3*,*F12*3*)*/) 
3003 F O R M A T ( / / / 8 X * D I A G O N A L  OF D Y N A M I C  N O I S E  M A T R I X * / )  
3004 FORMAT( / / /BX*COVARIANCE M A T R I X  A T  T I M E  OF P R E D I C T I O N  E V E N T  -- P (  
8*F1203*~*F1203*)*/) 
3F12*3*)*/) 
3006 FORMAT( / / /BX*COVARIANCE M A T R I X  A T  P R E D I C T I O N  T I M E  -0 P(*F12*3*t*  
3007 F Q R M A T ( 8 X * S T A T E  VECTOR A T  T I M E  *F12*3* DAYS* / )  
3014 F O R M A T ( Y . 6 X t 6 E 1 7 * 8 )  
BFB*3* DAYS* / )  
3013 FORMAT (10X*ROW*13)  




1 0  
11 
12 






SUBROUTINE PHESIM(RI~TEVNvRI1)  
COMMON/CONST/OMEGA*EPSINSf lSAL(3) ,5LAT(3)~sLON(3)?DNCN~3)~MNCN(l2)  
COMMON / C O N S T ~ / U ~ ~ U ~ ~ U ~ ~ V ~ ~ V ~ P V ~ ~ W ~ ~ W ~ ~ W ~ , F O P , F O V  
C O M M O N / E W E N T / N E V ~ T E V ~ 5 O ~ ~ I E ' ~ N T ~ ~ O ~ ~ I H Y P 1 v I E I G ~ T P T 2 ~ 2 0 ~ ~  
3 I C O T 3 ~ 2 0 ~ r N P E ~ N G E ~ I P O L , f I P O L ~ I C D Q 3 ~ 2 O ~ ~ S I G R E S ~ S I G P R O v S I G A L P ~ S I G B E T  
BINEVL,NEV~,NEV~,NEV~,NQE 
C O M M O N / G U I / P G ( ~ ~ V ~ ~ ) ~ X G ( ~ ) ~ T G , E M ( ~ ~ ~ )  
COMMON/MISC/ACCIID~FIICOOR,ITR,IMNF,FACP~FACV~ISP~~BIA~~~~~IPGN 
COMMON /NAME/MDNM(4r2),EVNM(4)rMNNAME(l2v3),CMPNM(l lv l7)  
COMMON / S I M T / X I 1 ~ 1 7 ~ ~ X F 1 ~ 1 7 ~ , A D E V X ~ l 7 ~ ~ E D E V X ~ 1 7 ~ ~ W ~ l ~ ~ v Z ~ l 7 ~ v  
C O M M O N / S Z M ~ / N B ~ ( ~ ~ ) ~ A C C ~ P N B O D ~  
C O M M O N / S T M / P ~ 1 7 ~ ~ 7 ~ ~ P S I ( 1 7 r 1 7 ~ r Q ( 1 7 , 1 7 9 , H ~ ~ ~ l 7 ~ r R ~ 4 r 4 ~ ~ A K ~ l ~ ~ ~ ~  
C O M M O N / S T V E C / X I ~ 1 7 ~ r X F ( 1 ~ ~ ~ N D I M ~ I A U G ~ X E ~ l 7 ~  
COMMON/TIM/DATEJeTRTMl~OELTM,FNTM,UNIVTtTRTMB 
C O M M O N / T R A J C D / N T M C ~ I S T M C , I S T M l ~ D T M A X , N D A C C ~ A C ~ N D  
C ~ M M O N / T R J / I S O I 1 ~ I S O I 2 ~ I S O I 3 , I C A 1 , I C A l ~ I C A 2 ~ I C A ~ ~ R C A ~ ~ 6 ~ v R C A 2 ~ 6 ~ v  
~ R C A 3 ~ 6 ~ ~ R S O I 1 ~ 3 ~ r R S O I 2 ~ 3 ~ ~ R S O I 3 ~ 3 ~ ~ V S O I l ~ 3 ~ r V S O I 2 ~ 3 ~ ~ V S O I 3 ~ ~ ~ v  
~TCA1~TCA2~TCA3rTSOI1,TSOI2,TSOI2~TS~I~~BSIl~BSI2~BSI3~~D~SIl~BDTSI2~ 
f B D T S I 3 ~ B D R S I l ~ B D R S I 2 , 8 D R S I 3  
C O M M O N / V M / N B O D ~ N B ( l l ) , N T P I A L N G T H v T M ~ D E L T P ~ I N P R ~ I ~ R O B ~ R C ( 6 ) v D C v  
B R S I ~ 3 ~ ~ W S 1 ~ 3 ~ r D S I ~ I S ~ H ~ R V S ~ 6 ~ ~ V M U r B ~ B D T ~ B D ~ ~ D ~ L ~ H ~ T I M I N T ~ I N C M T ~  
B I E P H E M P I C L P I P R I N T ~ R E ( ~ ) P R T P ( ~ ) ~ I C L ~  
~ A N O I S ( 1 7 ) ~ R E S ( 4 ) r E Y ( 4 ) , A Y ( 4 ) v A R ( 4 ~ 4 ) ~ Z I ~ l 7 ) v A D E V X B ( l 7 )  
8 1 P B [ 1 7 r 1 7 ) , P S I P ( 1 7 , 1 7 ) ~ H P H R ( 4 v 4 )  
DIMENSION R I ( 6 ) ~ R F ( 6 ) r R I 1 ( 6 ) , R F l ( 6 ) r f t I 2 ( 6 ) r H F 2 ( 6 ) r D U M ( l 7 ) 1 O M 2 ( 2 ~ 2 )  
DIMENSION P E I G ( 3 r 3 ) , E G V L ( 3 ) r E G V C T ( 3 , 3 ) r v E I G ( 9 ) r R H O ( l 7 v l 7 ) , D M ( 2 ~ 2 )  




DEL T M= T E V N - T H T M 1 
C A L L  N T M ( R I ~ R F ~ N T M C t 1 )  
DO 1 0  I = l r 6  
X F ( I ) = R F ( I )  
I F  (NQEeNEeO) GO TO 20 
DO 11 I = l t N D I M  
X F l ( I ) = X F ( I )  
DO 1 2  1 = 1 ~ 6  
R F l ( I ) = R F ( I )  
GO TO 30 
C A L L  N T M ( R I T # R F ~ P N T M C ~ ~ )  
X F l ( I ) = R F l ( I )  
C A L L  PSIM(RI1vRFlvISTMC) 
C A L L  UYNO(0) 
C A L L  NAVM(lP1) 
DO 50 I = l r N D I M  
DO 50 J=IeNDIM 
R H O ( J t I ) = R H O ( I t J )  
DO 39 I=1,6 
R I 2 ( T ) = X I l ( I ) + A D E V X ( I I  
C A L L  N T M ( R I ~ P R F ~ P N T M C P ~ )  
DO 40 I , = l r 6  
Z ( I ) = R F 2 ( 1 )  
IPGN=IPGN+1 
WRITE(6r3000) ( M D N M ( I T R P K ) ~ K = ~ v ~ ) ~ T E V N ~ T P T ~ I P R O B P I P G N  
LINES=9 
WRITE ( 6 ~ 3 0 0 6 1  
LINES=LINES+3 




















DO 33 I=ltNDIM 
IF (LINES*LT*MAX*4) GO TO 31 
IPGN=IPGN+l 
WRITE(6t3000) ( M D N M ( I T R t K ) t K = l r 2 ) t T E V N t l P T ~ I P R O B I I P G N  
IF (NDIMeEQe6) GO TO 32 






fF(LINES*LT*MAX-8) GO TO 34 
IPGN=IPGN+1 











00 38 I=lrNDIM 
IF (LINESeLTeMAX-4) GO TO 36 
IPGN=IPGN+l 
WRITE(6r3000) (MDNM(ITRtK)rK=lr2)rTEVNITPT,IPROBtIPGN 







00 43 Izlt6 
DO 45 I=l,NDIM 
DUM ( 1) SO 
DO 45 J=ltNBIM 
DUM(I)=DUM(I)+PSI(ItJ)*EDEVX(J) 





DO 60 J=lt3 






























WRITE(6t1001) ( I , ( E G V C T ( I , J ) r J = 1 , 3 ) , I = 1 , 3 )  
LINES=LINES+16 
IF (SHYPI-2) 7 0 ~ 8 0 ~ 7 0  
SPGN=IPGN+l 
IF (LINESvLTeMAX-15) GO TO 71 
CALL H Y E L S ( ~ ~ P E I G P ~ )  
LINES=LINES+14 
IF(IHYP1-1) 1 0 0 ~ 1 0 0 ~ 9 0  








DO 120 J=lrJ 






WRITE16~3000) ( M D N M ( I T R ~ K ) ~ K = ~ ~ ~ ) P T E V N I T P T I I P R O B P I P G N  
LINES=g 
WRITE(6v2000) (11EGVL(1)tI=lr3) 
WRITE(6v2001) ( I I ( E G V C T ( I , J ) , J = ~ , ~ ) , I = ~ , ~ )  
LINES=’) 
IF (LINES~LTIKAX-~~) GO TO 121 
LINES=LINES+16 
ICODE=1 
GO TO 65 






DO 54 I=lrNDIM 
IF (LINESeLTeMAX-4) GO TO 
IPGN=IPGN+l 
WRITE(6r3000) (MDNM(1TRpK 
IF (LINESeLTeWAX-9) GO TO 
LINES=’) 




WRITE (6 I 3a14) (RHO ( I P J 1 P J=l PNDIM) 
LINES=LINES+(NOIM-1)/6+1 
IF (LINESeLTe~AXDNDIMo5) GO TO 42 
IPGN=IPGN+l 




WRITE(6e3000) ( M D N M ( I T R ~ K ) ~ K = l r 2 ) v T E V N , T P T I I P R O B ~ I P G N  
 LINES=^ 




















DO 132 IZlv6 
RIl(I)=RFl(I) 
DO 150 I=lrNDIM 




GO TO (160r160r161r160~161v160~161~160~161t16lv161~ rIAUG 
































DO 203 I=lrNDIM 
R I  ( I 1 =RF ( I 1 
IF(LINES*LT*MAX-g) GO TO 171 
IF (LINESILTOMAX-4) GO TO 180 
IF(NDIM*EQ*6) GO TO 181 
IF(LINES*LT*MAX-8) GO TO 190 
IF(LINES*LT*MAX-9) GO TO 200 
IF (LINES*LT*MAXo4) GO TO 201 
IPGN=IPGN+l 
WRITE(6v3000) ( M D N M ( I T R ~ K ) ~ K = ~ P ~ ) ~ T E U N ~ T P T , X P R O B , I P G N  
L INES=9 






















DO 210 J=I,NDIM 
HHO(JrI)=RHO(I,J) 
ICODE 1=2 
GO TO 48 
RHO(I,J)=P(IIJ)/SQRT(P(IPI)*P(J,J 





DO 223 I=l@NDIM 




WRITE(6v3000) ( M D N M ( I T R P K ) F K = ~ P ~ ) ~ T E V N P T P T I I P R O B , I P G N  
IF (NDIMoEQ*6) GO TO 222 
WRITE (6,3013) I 
LINES=LINES+l 




IF (LINESeLTeMAX-24) GO TO 241 
IF (NGEeEQ.0) GO TO 250 
IF (At3S(TSOIl -TPT)*GToleI GO TO 250 
DO 240 I = 1 ~ 2  
DO 240 J = 1 ~ 2  
DO 240 K=1,6 
DO 240 L=1,6 
DM(IIJ)=D~(IIJ)+EM(I~K)*P(K,L)*EM(J,L) 
IF(L1NESoLT.MAX-24) GO TO 241 
IPGN=IPGN+1 
WRITE(6p3000) ( M D N M ( I T R ~ K ) ~ K = ~ F ~ ) ~ T E V N , T P T , I P R O B P I P G N  
WRITE(6v3015) ((DM(I,J)tJ=1,2)rI=1,2) 
CALL JACOBI(DM*DM3 rDM2r2vFOV) 
WRITE(6p3016) (1, DM3(I)rI=lr2)~(I~(DM2(IrJ),J=lr2),I=lr2) 
00 251 I=l,NDIM 
XI(I)=XF(I) 
XIl(I)=XFl(I) 





FORMAT(///20X*POSITION E I G E N V A L U E S * / ~ ( ~ ~ X I I ~ , E ~ ~ . ~ ~ / ) )  
FORMAT(///20X*POSITION EIGENVECTORS* /3 (22X~ I2 ,3E2OelO/ I )  
FORMAT(///20X*VELOCITY EIGENVALUES*/3(22XtI2rE20.10/ ) )  
FORMAT(///2OX*VELOCITY EIGENVECTORS*/3(22X,I2,JE20.10/)) 
FORMAT(lH1//8X2AlO*-- PREDICTION EVENT AT TRAJECTORY TIME *F1203r 
8* DAYS, PREDICTING TO TRAJECTORY TIME *F8.3* OAYS*//SOX*PROBLEM* 
B * I ~ O ~ ~ X I * P A G E *  **18///1X~130(1H*)/) 
3001 F O R M A T ( ~ X A ~ O E ~ O ~ ~ ~ P ~ X ~ E ~ O ~ ~ O P ~ X , E ~ ~ . ~ ~ )  
3002 FORMAT(///8X*STATE TRANSITION MATRIX -- PSI(*F8e3*r*F8.3*)*/) 
3003 FORMAT(///BX*DIAGONAL OF DYNAMIC NOISE MATRIX*/) 
3004 FORMAT(///8X*COVARIANCE MATRIX AT TIME OF PREDICTION EVENT -- P( 
$*F8.3*r*F8*3*)*/1 
3006 FORMAT(8X*STATE VECTOR*//22X*ORIGINAL NOMINAL*7X*MOST RECENT NOMIN 
BAL*13X*ACTUAL*) 
3007 FORMBT(///BX*ACTUAL DYNAMIC NOISE*//(8XE20.10)) 
3009 FORMAT(///8X*DEVIATION IN THE STATE VECTOR FROM THE MOST RECENT NO 
BMINAL TRAJECTORY*//15X*ESTIMATED*l3X*ACTUAL*/(8X2E2O.lO)) 
385 
3010 FORMAT(///BX*CO TION COEFFSCEINT 
3013 FORMAT(lOX*ROk 
3012 FORMAT(///8X*COVARIAN MATRIX AT PR 
3015 FORMAT(///8X*COVARIANCE OF UNCERTAIN 
BEVENT *F8r3* DA 
3014 FORMAT(l6X6E17*8) 
SFBr3*)*/) 
B SPHERE OF INFLUENCE*// 2(10X2E25*13/)) 
$*EIGENVECTORS OF ABOVE M A T R I X * / / ~ ( ~ ~ X P I ~ ~ ~ E ~ O * ~ O / ) )  












1 0  
11 
1 0 0 0  
1001 
SUBROUTINE PRINT 
THIS  SUBHOUTIhE IS RESPONSIBLE FOR THE PRINTOUT THROUGHOUT THE 
TRAJECTORY. 
387 
1002 FORMAT (5X*POSITION OF *A10* **4E20,11/5X*VELOCITY OF * 
4;A10* e * * 4 E 2 O i l l / )  
20  CONTINUE 
30 IF ( IPRT(3 ) *EQ*O)  GO TO 50  
C A L L  SPACE(3*NBODYI+6) 
WRITE(6r1003) 
K=O 
00 40 I= l rNBODYr4 
K=K+l  
IP=NO ( K  1 
F ( 1 + 2 ~ 4 ) = F ( I + 2 r 4 ) * V ( 1 , 6 )  
V S P ~ S Q R T ~ F ~ I + ~ ~ ~ ~ * F ~ I + ~ ~ ~ ~ + F ( I + ~ ~ ~ ~ * F ~ I + ~ P ~ ~ + F ~ I + ~ ~ ~ ~ * F ~ I + ~ P ~ ~ ~  
WRITE ( 6 r 1 0 0 4 )  P L A N E T ( I P ) P ( F ( I + ~ ~ J ) , J = ~ , Y ) ~ P L A N E T ~ I P ) ~ ( F ~ I  + ~ P J ) P  
1003 FORMAT(//lXt130(1H*)///* SPACECRAFT RELATIVE TRAJECTORIES*) 
B&1#3)PVSP 
B SX*VELOCITY REL. TO *A10 * e r * 4 E 2 0 e l l / )  
1004 FORMAT (5X*POSITION RELe TO *A10 * * * 4 E 2 0 e l l /  
40 CONTINUE 
50 I F ( I P R T ( ~ ) ~ E Q I O )  GO TO 60 
V M R ~ S Q R T ~ V ~ 1 1 ~ 2 ~ * V ~ 1 1 ~ 2 ~ + V ~ l l ~ 3 ~ * V ~ l l ~ 3 ~ + V ~ l l ~ 4 ~ * V ~ l l ~ 4 ~ ~  
C A L L  SPACE(l4) 
WRITE ( 6 ~ 1 0 0 5 )  ( V ( ~ ~ I ) P I = ~ ~ ~ ) P R V ~ ( V ( ~ ~ I ) , I = ~ ~ ~ ) ~ V V , ( V ( ~ P I ) ~ I = ~ P ~ ) P  
B V ~ ~ ~ ~ ~ ~ ~ V ~ ~ ~ P I ~ ~ I ~ ~ ~ ~ ~ P V M R ~ ~ V ~ ~ ~ P I ~ P I ~ ~ ~ ~ ~ ~ V ~ ~ ~ ~ ~ ~ P ~ V ~ ~ ~ ~ I ~ ~ I ~ ~ P ~ ~  
B ~ V ~ l 4 r l ~ ~ V ~ 5 r l ~ P V ~ 7 P l ~  
B 4OH VIRTUAL MASS POSITION 4(  E20.11 
B)/ 40H VIRTUAL MASS VELOCITY 4E20.11/ 
B 4OH SPACECRAFT POS. RELI TO VIM* 4E20 111 
3 40H SPACECRAFT VEL. REL. TO V*M* 4E20e 111 
B 40H KEPLER (ANGI MOM*) VECTOR 4 E 2 0 * l l /  
B 40H ECCENTRICITY VECTOR 4 E 2 0 r l l /  
B 24H V*M* MAGNI = E20.11/ 
B 24H V*M* MAGN. RATE = E 2 O r l l )  
1005 FORMAT(// lXt130( l H * ) / / / *  VIRTUAL MASS DATA * / 
1007 




C A L L  SPACE(NBODYI+6) 
W R I T € ( 6 ~ 1 0 0 7 )  
DO 52 I=l,NBODYI 
TMP4IPl)=O* 
DO 5 1  J=2t4 
T M P ( I P J ) = V ( ~ P J ) - F ( ~ * I - ~ ~ J - ~ )  
T M P ( I ~ l ) = S Q R T ( T M P ( I ~ l ) )  
WRITE(6~100t3) PLANET(K)P(TMP( IPJ )PJ  = 2 ~ 4 ) v T M P ( 1 ~ 1 )  
C A L L  SPACE(1) 
RETURN 
END 
F O R M A T ( / / ~ X V ~ ~ O ( ~ H * ) / / / *  V*M* RELATIVE POSITIONS*) 
K=NO ( I 1 
T M P ( I P ~ ) = T M P ( I ~ ~ ) + T M P ( I , J ) * T M P ( I P J )  
FORMAT (5X*POSITION RELI TO *A10 * **4E20*11)  
388 
SUBROUTINE PRINT1  (RF) 
C 
C 
C THIS  SUBROUTIhE I S  RESPONSIBLE FOR PRINTING A SUMMARY OF THE 
C TRAJECTORY GEKEHATEO I N  THE TRAJECTORY MODE. 
C 
C 
C O M M O N ~ B L K / T ~ P M A S S ~ ~ ~ ~ ~ C N ~ ~ O ~ F S T ~ ~ O ~ ~ E M N ~ ~ ~ ~ ~ S M J R ~ ~ ~ ~  
COMMON / B L K / ~ A D I U S ~ l l ~ r R M A S S ~ l l ~ v N O ~ l l ~ ~ ~ L M N T ~ 8 O ~ ~ S P H E R E ~ l ~ ~ v X P ~ 6 ~  
C O M M O N / M I S C / A C C ~ I D N F , I C O O R , I T R I I M N F , F A C P P F A C V ~ I S P ~ ~ ~ I A ~ ~ ~ ~  
COMMON /PRT/MONTH(12)rPLANETCll) 
COMMON/STVEC/X I (17 ) rXF(17 ) rNDIM, IAUG 
COMMON/TIM /DATEJITRTM~PDELTM~FNTM,UNIVTPTRTMB 
COMMON/TRAJCD/NTMC~~STMC, ISTM~PDTMAX,NDACC@ACCND 
COMMON/VM/NBODtNB(11) P N T P ~ A L N G T H I T M P D E L T P ~ I N P R ~ ~ , R C ~ , D C ~  
BRSI(~)~VSI(~)PDSI~ISPHIRVS(~),VMUIBIBDT~BDR~DELTH~TIMINT~INCMT~ 
B I E P H E M @ I C L ~ I P R I N T ~ R E ( ~ ) P R T P ( ~ ) P I C L ~  
DIMEhSION R L ( G ) v R F ( 6 ) , V E ( 6 ) , V T ( 6 )  
F ( A P B I C ) = S Q R T ( A * A + B * ~ + C * C )  
MAXz60 
IPGN=IPGN+1 
WRITE(6 r1000)  IPHOBvIPGN 
1000 FORMAT(lHl / / /SX*S U M M A R Y 0 F T R A J E C T 0 R Y M 0 D 
BE*/90X*PROBLEKe .*110@5X*PAGE* 9*18////) 
DO 1 1=1#6 
1 R I ( I ) = X I ( I )  
TRTMlZTRTMB 
GO TO ( 1 0 e 2 0 ) ~ N T M C  
1 0  W R I T E ( 6 ~ 1 0 0 1 )  IPROB 
1 0 0 1  FORMAT(BX*PATCHED CONIC TRAJECTORY*lOX*PROBLEM*15///) 
2 0  WRITE(b r2001)  IPROB 
2 0 0 1  FORMAT(BX*VIRTUAL M&SS TRAJECTORY*lOX*PROBLEM*15///) 
GO TO 1 0 0  
W f ? I T E ( 6 ~ 2 0 1 0 )  ACCPDELTH 
2 0 1 0  F O R M A T ( ~ O X * A C C U R A C Y  FIGURE* ~ i 3 . 6 , *  INDICATES TRUE ANOMALY INCREME 
BNT I S *  E 2 0 * 1 3 *  RADIANS*//) 
Dl=THTMl+DATEJ 
TRTM2=TRTMl+DELTM 
02 = TRTM2WATEJ 
D3=D1+2415020. 
D4=02+2415020. 
C A L L  T I M E ( D ~ ~ L Y R I L M O I L D A Y , L H R , L M I N V S E C L I ~ )  
C A L L  T I M E ( D 2 ~ I Y R ~ I M O ~ I D A Y I I H R I I M I N I S E C I ~ l )  
W R I l E ( 6 ~ 2 0 0 2 )  T R T M ~ , D ~ , L M O I L D A Y @ L H R , L N I N I S E C L ~ L Y R , T R T M ~ ~ D ~ ~ I M O ~  
B I D A Y ~ I H R ~ I M I N ~ S E C I P I Y R  
2 0 0 2  FORMAT( lOX*INITIAL TRAJECTORY TIME*F12*5*  DAYS, JUL IAN DATE*F20*10 
B#5X*CALENDAR D A T E * 4 1 3 r F 7 * 3 ~ * ~ * 1 5  
B/ 10X*FINAL TRAJECTORY TIME * F 1 2 * 5 *  DAYS, JUL IAN DATE*F20*10 
BtSX*CALENDAH D A T E * ~ I ~ P F ~ * ~ I * P * I ~ )  
RMI=F(RI(l)rRI(2)rRI(3)) 
V M I = F ( R I ( ~ ) ~ R I ( ~ ) P R I ( ~ ) )  
RMF=F(RF(l)?RF(2),RF(3)) 
VMF=F(RF(4)vRF(5)rRF(6)) 
W R I f E ( 6 ~ 2 0 0 3 )  
WRITE(6e2004)  ~ R I ~ I ~ r I ~ ~ v 3 ~ ~ R M I ~ ~ R I ~ I ~ ~ I ~ 4 ~ 6 ~ v ~ M I ~ ~ R F ~ I ~ ~ I ~ ~ r ~ ~ ~  
2 0 0 3  FORMAT~//5~X*X~COMP~*l3X*Y~COMP~*l3X*Z~COMP~*l~X*RESULTANT*~ 
BRMF, (RF( I ) v I=4 ,6 ) rVMF 
2 0 0 4  FORMAT(/lOX*HELIOCENTRIC ECLIPT IC  COORDINATES*// 
5 1 0 X * I N I T I A L  POSITION OF VEHICLE e * r*4E20.8/ 
B l O X * I N I T I A L  VELOCITY OF VEHICLE * .*4E20*8/ 
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!5 10X*FINAL POSITION OF VEHICLE e * **4E20.8/ 
$2 10X*FINAL VELOCITY OF VEHICLE **4E20*8) 
DO 30 I=lr6 
VT(I)=RF(I)-RTP(I) 
30 VE(I)=RF(I)-RE(I) 
R M I = F ( V T ( l ) r V T ( 2 ) r V T 1 3 ) )  
V M I = F ( V T ( ~ ) ~ V T ( ~ ) P V T ( ~ ) )  
RMF=F(VE(l)rVE(2)rVE(3)) 
VMF=F[VE(4)rVE(S)rVE(6)) 
WRITE(6t2005) ~ V E ~ I ~ ~ I ~ ~ ~ ~ ~ ~ R M F ~ ~ V E ~ I ~ ~ I ~ ~ ~ ~ ~ ~ V M F ~ ~ V T ~ I ~ P I ~ ~ ~ ~ ~ ~  
BRMIr(VT(I)rI=4r6)rVMI 
$21OX*POSJTION OF VEHICLE RELATIVE TO EARTH*4€20*8/ 
BlOX*VELOCITY OF VEHICLE RELATIVE TO EARTH*@E20*8/ 
BlOX*POSITION RELATIVE TO TARGET PLANET, **4E20.8/ 
BlOX*VELOCITY RELATIVE TO TARGET PLANET. .*4E20*8) 
2005 FORMAT(//~OX*AT FINAL TIME*// 
HMI=F(RC(l)rRC(2)rRC(3)) 





2006 FORMAT(//lOX*AT CLOSEST APPROACH, e e CALENDAR D A T E * ~ I ~ P F ~ O ~ P * P +  
$ I ~ v * *  0 eJUL1AN DATE *F20.10// 
SlOX*POSITION RELATIVE TO TARGET PLANET. e*4E20*8/ 
BlOX*VELOCITY RELATIVE TO TARGET PLANET. **4€20*8) 
IF(1SPH) 40r45r40 
40 R M I = F ( R S I ( ~ ) V R S I ( ~ ) ~ R § I ( ~ ) )  
VMI=F(VSI(l)rVSI(2)rVSI(3)) 
CALL T I M E ( D S I V I ~ R ~ I M O ~ I D A Y ~ I H R ~ I M I N ~ S E C I ~ ~ )  
WRITE(6r2007) IMO~IDAYrIHRvIMIN~SECIr YRtD4 ~RSX~RMIPVSI*VMI 
D4=DS1*24150~0. 
2007 FORMAT(//lOX*AT SPHERE OF INFLUENCE. CALENDAR DATE*413~F7*3t 
B*r*I5~*r *JULIAN DATE *F20.10// 
BlOX*POSITION RELATIVE TO TARGET PLANET. **4E20*8/ 
BlOX*VELOCITY RELATIVE TO TARGET PLANET* **4E20*8) 
IF(MAX*GT*Sl) GO TO 41 
IPGN=IPGN+l 
WRITE(6~10001 IPROBtIPGN 
41 WRITE(6r2008) BvBDTvBDR 
2008 FORMAT(//IOX*B =*~20.8* e DOT T =*E20*8* B DOT R =*E20*8) 
I F ~ M A X I G T * ~ P )  GO TO 50 
IPGN=IPGN+I 
WRITE(6r1000) IPROBIIPGN 
GO TO 50 
45 WRITE(6r2009) 
2009 FORMAT(//lOX*VEHICLE DID NOT PIERCE SPHERE O F  INFLUENCE OF TARGET 
$PLANET* 1 
50 WRITE(6r2012) INCMT 
2012 FORMAT(//lOX*TOTAL NUMBER OF TIME INCREMENTS FOR THIS PROBLEM IS* 
816) 
WRfTE(6~2011) TIMINT 




B R S I ( ~ ) P V S I ~ ~ ) , D S I ~ I S P H , R V S ( ~ ) ~ V M U ~ B ~ B D T ~ B D R ~ D E L T H ~ T I M I N T ~ I N C M T ~  
~ I E P H E N I I C L ~ I P R I N T ~ R E ( ~ ) ~ R T P ( ~ ) ~ I C L ~  
BlOHVX t 11*10HVY e 11*1OHVZ r 10H r lOHR 
BADIUS 1 v10HMU OF SUN v10HRANGE BIASvlOHA BIAS t3*10HRADIUS 1 
B r10HMU OF SUN PIOHRANGE BIASt lOHRADIUS 1 ~ 1 0 H  e lOHLATIT  
BUDE 1,lOHMU-TARG PLtlOHR-RAT BIASvlOHECC B I A S  r3*1OHLATITUDE 1 ~ 1 0  
BHMU-TARG PLvlOHR-RAT B I A S P ~ O H L A T I T U D E  l v l O H  rlOHLONG 1 
% P10h PIOHSTAR ANG 1v lOHINC B I A S  r3*1OHLONG 1 t lOHA B 
B I A S  PlOHSTAR ANG 1,lOHLONG 1 r3*10H v10HSTAR ANG 2, 
B lOH P~OHRADIUS 2 rlOHMU OF SUN t10HRANGE BIASt lOHECC B I A  
BS r10HSTAR ANG 2r lOHMU OF SUN *3*10H e10HSTAR ANG 3 t1OH 
B e10HLATITUDE EP~OHMU-TARG PLPlOHR-RAT B IASv lOHINC B I A S  v 
BlOHSTAR ANG 3v10HMU-TARG PLv3*1OH r lOHAPP DIAM t 1 0 H  
4i t1UHLONG 2 P 10H v10HSTAR ANG 1, lOH P lOHA 
BPP DIAM PIOHRANGE MIASt5*1OH r lOHRADIUS 3 r l O H  
B v10HSTAR ANG 2 t 1 0 H  v10HA B I A S  t10HR-RAT f3fAS,5*10H 
B r lOHLATITUDE 3e10H 810HSTAR ANG 3 t 1 0 H  P 1 0  
BHECC B I A S  PIOHSTAR ANG 1v5*10H PIOHLONG 3 * 10H 
5 p10HAPP O I A M  r l O H  e10HINC B I A S  t10HSTAR ANG 2 r 1 0 * 1 0 H  
5 v10HSTAR ANG 3 ~ 1 0 * 1 0 H  P ~ O H A P P  DIAM / 





WRITE (6 ,3000)  TRTWZtIPHOBvIPGN 
3 0 0 0  FORMAT(lHl///SX*ERROR ANALYSIS MODE AT TRAJECTORY TIME * F 1 2 * 3  





C A L L  T I M E ( D ~ P L Y R P L M O ~ ~ D A Y , L H R F L M I N ~ S E C L , L )  
C A L L  T I M E ( D 2 ~ I Y R t I M O ~ I D A Y , I H R I I M I N I S E C I , 1 )  
WRITE ( 6 ~ 3 0 0 1 )  T R T M ~ ~ L M O ~ L D A Y P L H R , L M I N ~ S E C L , L Y R , D ~  
3 0 0 1  FORMAT(/8X*INITIAL TRAJECTORY TIME*F12.5* DAYS, CALENDAR DATE*413, 
B F 7 . 3 ~ * ~ * 1 5 t * ~  JUL IAN DATE*F20o10) 
WRITE ( 6 r 3 0 0 2 )  T R T M ~ P I M O I I D A Y P I H R P I M I N , S E C I P I Y R ~ D ~  
3002 FORMAT(/8X*FINAL TRAJECTORY TIME *F12r5* DAYS, CALENDAR DATE*413* 
% F 7 * 3 ~ * ~ * 1 5 , * ~  JULIAN DATE*F20.10) 
WRITE ( 6 ~ 3 0 0 3 )  
WRITE (6,3004)  ( C M P N M ( I A U G ~ I ) ~ X I ( I ) ( X F [ I ) , I = 1 , N D I M )  
L I N E S  .= 18 + NDIM 
IPGN=IPGN+l 
W R 1 T E ( 6 ~ 3 0 0 0 )  TRTM2vIPROBtIPGN 
LINES=lO 
3 0 0 3  FORMAT(///8X*STATE VECTOR*/27X*INITIAL*22X*FINAL*) 
3 0 0 4  F O R M A T ( ~ O X P A ~ O ~ E ~ ~ ~ ~ ~ ~ O X P E ~ ~ ~ ~ )  
IF(LINES*LT.MAX-14) GO TO 6 
391 
6 D=TRTMl+DATEJ 
NO (1 )=4 
C A L L  ORB(4rD) 
00 2 I = l r 3  





NO ( 1) =NTP 
C A L L  ORB(NTPPO) 
C A L L  EPHEM( l rDt1)  
DO 3 I=1,3 
RTP(I)=XI(I)-XP(I)*ALNGTH 
RMP=SQRT(RTP(l)*RTP(l)+RTP(2)*RTP(2)+RTP(3)*RTP(3)) 











NO (1 1 =4 
C A L L  ORB(4rD) 
C A L L  EPHEM(lPDv1) 





NO (1 1 =NTP 
C A L L  ORB(NTPrD1 
C A L L  EPHEM(l rDr1)  




W R I f E ( 6 ~ 3 0 4 2 )  TRTM2 
WRITE(6r3041) ( R E ~ I ) r I = 1 ~ 3 ) r R M E ~ ( R E ( I ) ~ I ~ 4 ~ 6 ) ~ V M E ~ ~ R T P ~ I ~ ~ I ~ l r 3 ~ ~  
LINES=LINES+14 
5 RTP(I+3)=XF(I+3)-XP(I+3)*ALNGTH/TM 
BRMPr(RTP( f ) r I=4r6) rVMP 
3040 FORMAT(///BX*AT I N I T I A L  TRAJECTORY TIME *F12.3* DAYS*//) 
3 0 4 1  FORMAT( ~ ~ X * X I C O M P . * ~ ~ X * Y - C O M P I * ~ ~ X * Z - C O M P . * ~ ~ X * R E S U L T A N T * / /  
3lOX*POSITION OF VEHICLE RELATIVE TO EARTH*bE20.8/ 
BlOX*VELOCITY OF VEHICLE RELATIVE TO EARTH*QE20*8/ 
BlOX*POSITION RELATIVE TO TARGET PLANET. e*4E20*8/ 
BlOX*VELOCITY RELATIVE TO TARGET PLANET. .*4E20.8) 
3042 FORMAT(///BX *AT FINAL TRAJECTORY TIME *F12.3* DAYS*//) 
IF(L1NESeLTeMAX-6) GO TO 1 
IPGN=IPGN+l 
WRITE ( 6 ~ 3 0 0 0 )  TRTMErIPROB*IPGN 
LINESzg 
WRITE ( 6 ~ 3 0 0 5 )  M 
1 MZMCNTR-1 
3005 FORMAT (//8X*STATISTICAL DATA AFTER MEASUREMENT*I5) 
3 92 
LINES=LINES+3 
GO TO ~ 1 0 ~ ~ 0 ~ 3 0 ~ ~ 0 ~ 5 0 ~ 6 0 ~ 7 O r B 0 1 9 0 , 1 0 0 ) r M M C ~ D E  
10 WRITE (6t3006) TRTM2 
3006 FORMAT(//lOX*RANGE-RATE WAS MEASURED FROM THE IDEALIZED STATION AT 
20 WRITE (6~3007) TRTM2 
3007 FORMAT(//lOX*RANGE AND RANGE-RATE WERE MEASURED FROM THE IDEALIZED 
5 TRAJECTORY TIME*F12,5* DAYS*) 
GO TO 110 
5 STATION AT TRAJECTORY TIME*F12*5* DAYS*) 
GO TO 110 
30 IA=l 
31 WRITE (6,3008) IAvTHTM2 
3008 FORMAT (//lOX*RANGE-RATE WAS MEASURED FROM STATION*I2* AT TRAJECTO 
BRY TIME*F12e5* DAYS*) 
GO TO 110 
40 IA=l 
41 WRITE (6,3009) IAeTRTME 
3009 FORMAT(//lOX*RANGE AND RANGE-RATE WERE MEASURED FROM STATION*I2 * 
BAT TRAJECTORY TIME*F12.5* DAYS*) 
GO TO 110 
GO TO 31 
GO TO 41 
GO TO 31 
GO TO 41 
50 IA=2 
60 I A=2 
70 IA=3 
80 IA=3 
90 WRITE (6~3010) TRTM2 
3010 FORMAT(//lOX*THREE STAR PLANET ANGLES WERE MEASURED AT TRAJECTORY 
sTIME*F12.5* DAYS*) 
GO TO 110 
100 WRITE(6r3011) TRTM2 
3011 FORMAT(//lOX*THE APPARENT PLANET DIAMETER WAS MEASURED AT TRAJECTO 
110 LINES=LINES+3 
BRY TIME*F12*5* DAYS*) 
IF(LINES~LT.MAX-~~) GO TO 115 
IPGN=IPGN+1 
WRITE (6,3000) TRTM2eIPROBvIPGN 
LINESZ9 
115 WRITE (6~30121 TRTM2rTRTMf 
3012 FORMAT (///lOX*STATE TRANSITION MATRIX -- PSI(*F8;3*,*F8.3*)*/) 
LINES=LINES+5 
DO 112 I=lrNDIM 
IF(LINES.LT*MAX-4) GO TO 114 
IPGN=IPGN+1 




114 IF(NDXM.EQe6) GO TO 111 
3013 FORMAT(12X*ROW *I31 
111 WRITE (6~3014) ( P S I ( I P J ) P J = ~ ~ N D ~ M )  
3014 FORMAT(18X16E17.8) 
112 LINES=LINES+ITEMP 
I PGN= I PGN+ 1 
WRITE (6r3000) TRTM~PIPROBIIPGN 
LINESz9 
113 WRITE (6~3015) 






















FORMAT(///~OX*DIAGONAL OF DYNAMIC NOISE MATRIX*/) 
WR1TE(6~3014) (Q(JvJ)PJ=~PNDIM) 
LZNES=LIhES+8 
IF(LINES*LT*MAX-g) GO TO 122 
IPGN=IPGN+l 
WRITt (6~3000) TRTM2rIPROBtIPGN 
WRITE (6r3016) 
FORMAT( / / / lOX*OBSERVATION MATRIX*/) 
LINES=LINES+5 
DO 131 I=l@NR 
IF(L1NESrLToMAX-4) GO TO 130 
IPGN=IPGN+l 
WRITE (6*3000) THTM2~IPROB~IPGN 
 LINES=^ 
 LINES=^ 






WRITE (6~3000) TRTM~vIPROBVIPGN 
LINESZ9 
WRITE (6r3017) 
FORMAT(///1OX*KEASUHEMENT NOISE MATRIX*/) 




IF(LINES.LT.MAX-NDIM-5) GO TO 141 
IF(LINES.LT.MAX-~) GO TO 132 
IPGN=IPG~+~ 




DO 150 I=lrND1M 
WRITE (6,3018) (AK(IPJ)~J=IPNR) 
LINES=LINES+NDIM+S 
IPGN=IPGN+1 
WRITE (6,3000) TRTM~~IPROBIIPGN 
LINES9 
WRITE (6~3020) TRTM2 
IF(LINES.LT~MAX-~ ) GO TO 151 
FORMAT(///lOX *COVARIANCE MATRIX AT TIME*F12.5* DAYS, J 
LINES=LXNES+S 
DO 167 I=lrNDIM 
IF(L1NESeLTeMAX-4 GO TO 161 
IPGN=IPGN+~ 
WRITE (6e3000) THTM~#IPROBPIPGN 
 LINES=^ 




LINES = LINES+ITEMP 
IPGN=IPGN+I 
WRITE (6~3000) TRTM~~IQROBIIPGN 
BUST BEFORE THE MEASUREMENT*/) 
IF(LLNES.rLToMAX-9 1 GO TO 162 
3 94 
 LINES=^ 
162 WRITE (6,30211 TRTME 
3021 FORMAT(///lOX *COVARIANCE MATRIX AT TIME*F12*5* DAYS9 A 
BFTER CONSIDERING THE MEASUREMENT*/) 
LINES=LINES+5 
IF(LLNES*LTeMAX-4) GO TO 171 
IPGN=IPGN+1 




173 WRITE(6~30141 (P(IVJ)~J=~VNDIM) 
174 LINES = LINEStITEMP 
172 00 174 IZlrNDIM 








C O M M O N / M I S C / A C C V I D N F I I C O O R , I T R  
COMMON /NAME/PDNM(4r2)rEVNM(4) 
C O M M O N / S I M C N T / D M U S B ~ D M U P B P D A B , D E B ~ D I B ~ T T I M ~ ~ T T I M ~ ~ U N M A C ( ~ ~ ~ ) ~  
BSL8(9)vAVARM(12)rIAMNF 
6 )  
C O M M b N / S I M 1 / X I l ( l 7 ) ~ X F l ~ l 7 ) r A D E V X ( 1 7 ) ~ E D E V ~ ~ ~ ~ ~ ~ W ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
COMMON/SIM2/NB1(1l)~ACCl~NBO~l 
COMMON / S T M / P ~ 1 7 r l 7 ~ ~ P S I ~ 1 7 1 1 7 ~ ~ Q ( l 7 ~ l 7 ~ ~ H ~ 4 , 1 7 ~ ~ R ~ 4 ~ 4 ~ ~ A K ~ l 7 ~ 4 ~  
B ~ P 8 ( 1 7 , 1 7 ) , P S I P ( 1 7 r 1 7 ) , H P M R 1 4 , 4 )  
COMMON /STVEC/XI(17) rXF(17) B N D I M # I A U G ~ X ~ ( ~ ~ )  
COMMON /T IM/UATEJFTHTM~~DELTM,FNTMIUNIVTITR~MB 
C O M M O N / V M / N B O D ~ N B ( l l ) r N f P , A L N G T H r T M ~ D E L T P ~ ~ N P R ~ I P R O B ~ R C ( 6 ) ? D C ~  
B R S I ~ 3 ~ r V S I ~ 3 ~ r D S I ~ I S P H I R V S ~ 6 ~ r V M U , B I B D T ~ B D ~ ~ D ~ L T H ~ T I M I N T ~ I N C M T ~  
B I E P H E M ~ I C L I I P R I N T ~ R E ( ~ ) ~ R T P ( ~ ) P I C L Z  
B A N O I S ( 1 7 ) , R E S ( 4 ) r E Y ( 4 ) , A Y ( 4 ) r A R ( 4 r 4 ) , Z I ( l 7 ) ? A D E V X B ( l 7 )  
DIMENSION AOUI(17)~ADON~17)~EDON(l~) 
DIMENSION X E ( 6 ) r X V E 1 ( 6 ) r X V P 1 ( 6 ) r X V E Z ( 6 ) ~ X V P 2 ( 6 ) , X V E 3 ( 6 ) , X ~ P 3 ( 6 )  





WR1TE(6~3000)  T R T M ~ ~ I P R O B P I P G N  
3000 FORMAT(lHl///SX*SIMULATION MODE AT TRAJECTORY TIME*F12.3* DAYS*/ 





C A L L  T I M E ( D ~ v L Y R ~ L M O P L D A Y , L H R , L M I N , S E C L , ~ )  
C A L L  T I M E ( D 2 ~ I Y R ~ I M O ~ I D A Y ~ I H R ~ I M I N ~ S E C I , 1 )  
vJRSTE ( 6 ~ 3 0 0 1 )  T R T M ~ ~ L M O ~ L D A Y , L H R I L M I N ~ S E C L , L Y R I D ~  
3 0 0 1  FORMAT(/8X*INITIAL TRAJECTORY TIME*F12.5* DAYSr CALENDAR DATE*413p 
B F 7 e 3 ~ * ~ * 1 5 ~ * r  JULIAN DATE*F20.10) 
WRITE (6~3002) T R T M ~ ~ I M O P I D A Y ~ I H R P I M I N I S E C I ~ I Y R ~ D ~  
3002 FORMAT(/BX*FINAL TRAJECTORY TIME *F12r5*  DAYS, CALENDAR DATE*413, 
% F 7 . 3 ~ * , * 1 5 ~ * ~  JULIAN DATE*F20.10) 
WRITE (6,3003) TRTMl 
3003 FORMAT(///BX*STATE VECTOR AT TIME*F8.3* DAYS*//22X*ORIGINAL NOMINA 
BL* BX*MOST RECENT NOMINAL*12X*ACTUAL*I 






IF(LINES.LTeMAX-1O’NDIM) GO TO 15 
IPGN=IPGN+1 
WRITE(6r3000)  TRTM2rIPROBvIPGN 
WRITE(f5~3003)  TRTM2 




IF(LINES.LTrMAX325) GO TO 3 
IPGN=XPGN+l 
WR1TE(6~3000)  T R T M ~ ~ I P R O B P I P G N  
L I NES=9 
NO( 1) =4 
LINE SF^ 














GO TO 3 
3028 FORMAT(lOX*ORIGINAL NOMINAL TRAJECTORY*/ 
812X*POSITION OF VEHJCLE RELATIVE TO EARTH*4€20.8/ 
B12X*WELOCITY OF VEHICLE RELATIVE TO EARTH*4E20*8/ 
812X*POSITION RELATIVE TO TARGET PLANET. * *4E2008/  
BlEX*WELOCITY RELATIVE TO TARGET PLANET. o*‘+E2008// 
B12X*POSITION OF VEHICLE RELATIVE TO EARTH*QE20.8/ 
B12X*VELOCITY CF VEHICLE RELATIVE TO EARTH*bE20.8/ 
Bl2X*POSITION RELATIVE TO TARGET PLANET. * *4E20*8 /  
B12X*VELOCITY RELATIVE TO TARGET PLANET. 0*4E20.8// 
%12X*POSITION OF VEHICLE RELATIVE TO EARTH*QE20.8/ 
B12X*WELOCITY OF VEHICLE RELATIVE TO EARTH*QE20.8/ 
Bl2X*POSITION RELATIVE T O  TARGET PLANET. .*4E20.8/ 
B12X*VELOCITY RELATIVE TO TARGET PLANET. .*‘+E2008) 
BlOX*MOST RECENT NOMINAL TRAJECTORY*/ 
BlOX*ACTUAL TRAJECTORY*/ 





WRITE (6,3005)  M 
3005 FORMAT (//8X*STATISTICAL DATA AFTER MEASUREMENT*I5) 
LINES=LINES+3 
GO TO ~ 1 0 ~ 2 0 ~ 3 0 ~ 4 0 ~ 5 0 ~ 6 0 ~ 7 0 ~ 8 0 ~ ~ 0 ~ ~ 0 0 ~ ~ M M C O D E  
1 0  WRITE (693006)  TRTM2 
3006 FORMAT(//lOX*RANGE-RATE WAS MEASURED FROM THE IDEALIZED STATION AT 
B TRAJECTORY TIME*F12.5* DAYS*) 
GO TO 110 
2 0  WRITE ( 6 ~ 3 0 0 7 )  THTM2 
3007 F O R M A T ( / / ~ O X * R A N G E  AND RANGE-RATE WERE MEASURED FROM THE IDEALIZED 
8 STATION AT TRAJECTORY TIME*F12.5* DAYS*) 
GO TO 110 
30 I A = 1  
31 WRITE (6,3008) IAvTRTM2 
3008 FORMAT (//lOX*RAhGE-RATE WAS MEASURED FROM STATION*I2* AT TRAJECTO 
BRY TPME*F12.5* DAYS*) 
GO TO 110 
40 I A = l  
4 1  WRITE (6r3009)  I A p T R T M 2  
3009 FORMAT(//lOX*RANGE AND RANGE-RATE WERE MEASURED FROM S lATION*I2  * 
BAT TRAJECTORY TIME*F12*5* DAYS*) 
GO TO 110 
GO TO 31  
GO TO 4 1  
GO TO 31 
GO TO 4 1  
50 I A = 2  
60 I A=2 
70 I A=3 
80 I A=3 
90 WRITE ( 6 ~ 3 0 1 0 )  TRTM2 
3010 FORMAT(//lOX*THREE STAR PLANET ANGLES WERE MEASURED AT TRAJECTORY 
BTIME*F12r5* DAYS*) 
GO TO 110 
100 WRITE(Gr3011) TRTM2 
3 0 1 1  FORMAT(//lOX*THE APPARENT PLANET DIAMETER WAS MEASURED AT TRAJECTO 
110 LINES=LINEs+3 
BRY TIME*F12*5* DAYS*) 


























WRITE (6r3012) TRTM2rTRTMl 
LINES=LINES+5 
DO 112 I=lrNDIM 
IF(LINES*LT*MAX-4) GO TO 114 
IPGN=IPGN+l 
WRITE(6v3000) THTM~~IPROBIIPGN 
FORMAT (///LOX*STATE TRANSITION MATRIX -- PSI(*F8.3*r*F8.3*)*/) 
 LINES=^ 




WRITE (6~3014) (PSI(I~J),J=~,NDIM) 
FORML)T(18Xt6€17.8) 
LINES=LINES+ITEMP 





FORMAT(///lOX*DIAGONAL OF DYNAMIC NOISE MATRIX*/) 
WRITE(6t3014) (Q(JvJ)~J=~vNDIM) 
LLNES=LINES+8 






DO 131 I=l,NR 














FORMAT(///lOX*MEASUREMENT NOISE MATRIX*/) 









DO 150 I=leNOIM 
 LINES=^ 
 LINES=^ 
WRITE (6,3018) (AK(I~JI~J=I,NRI 
399 
LINES=LINES+NDIM+5 




151 hRITE (6~3020) TRTM2 
3020 FORMAT(///lUX *COVARIANCE MATRIX AT TIME*F12,5* DAYS, J 
SUST MEFORE THE MEASUREMENT*/) 
LXNES=LINES+S 
165 DO 167 I=lrNDIM 
IF(L1NESeLTeMAX-4 GO TO 161 
IPGN=IPGN+l 
WRITE(6~30001 TRTM~~IPROBPIPGN 
L I NEs=~ 
161. IF(NDIMeEQ.6) GO TO 166 
WHITE(6v3013) I 
LINES=LINES+l 
166 WRITE(6p3014) (PSIP(IpJ)eJ=lrNDIM) 
167 LINES = LINEStITEMP 




162 WRITE (6~3021) TRTM2 
3021 FORMAT(///IOX *COVARIANCE MATRIX AT TIME*F12.5* DAYS, A 













DO 174 I=lvNDIM 
IPGN=IPGN+l 
WRITE(6e3000) TRTM~FIPROBIIPGN 
IF(LINES~LTIMAX-~) GO TO 171 
 LINES=^ 




LINES = LINES+ITEMP 











FORMAT(///~OX*~ATR~X OF VARIANCES OF ACTUAL MEASUREMENT NOISE*/) 
DO 192 I=lrNR 
WRITE(6r3018) (AR(IrJ)rJ=lrNR) 
IF(L1NESoLTeMAX-9) GO TO 200 
 LINES=^ 
FORMAT(18XE17.8) 







3025 FORMAT(///lOX*ACTUAL MEASUREMENT NOISE*/) 
wHITE(6~3023) (ANOIS(I)PI=~FNR) 
LINES=LINES+g 





3040 FORMAT( / / /10X*MEAS~H~MENT*/ /Z3X*ESTIMATED*~OX~A~TUAL*2OX*RESIDUAL*  













WRITE(6p3035) ( E Y ( I ) r ~ Y ( ~ ) r ~ ~ ~ ( I ) r ~ = l r N R )  
F O R M A T ( ~ ~ X E ~ ~ . ~ P ~ O X I E ~ ~ * ~ P ~ O X ~ E ~ ~ ~ ~ )  
LINES=LIhES+g 
IF(L1NESaLTeMAX-9) GO TO 240 
I P G I G  I P G N + 1 
WRITE(6r3000) TRTM~~IPROBPIPGN 
WRITE (6 P 3030 1 
FORMAT(///lOX*RESIDUAL UNCERTAINTIES*/) 
DO 241 I=l,NR 
WRITE(6r3018) (HPHR(I,J) rJ=lrNR) 
LINES=LINES+9 










FORMAT(///IOX*OEVIATION OF THE STATE VECTOR FROM MOST RECENT NOMIN 
BAL* / /23X*ESTIMATED*20X*ACTUAL*) 
WRITE(6e3029) (EDEVX(I)PADEVX(I)PI=~PNDIM) 
F O R M A T ( ~ ~ X E I ~ . ~ P ~ O X E ~ ~ . ~ )  
LINES=LIhES+NDIM+6 





FORMAT(///lDX*DEVIATION FROM ORIGINAL NOMINAL*//23X*ESTZMATED*20X 
WRITE(6v3029) ( E D O N ( I ) P A O O N ( I I ~ I = ~ , N D Z M )  
LINES=LINES+NDIM+S 














C THIS SUBROUTINE I S  RESPONSIBLE FOR PRINTING A SUMMARY OF THE 
C UATA GENERATED I N  THE ERROR ANALYSIS MODE 
C 
C 
COMMON/CONST/OMEGAIEPS,NST,SAL(J ) ,SLAT(~ )~SLON(~)~DNCN(~)~MNCN(~~)  
C O M M O N / C O N S T ~ / U ~ ~ U ~ ~ U ~ ~ V ~ I V ~ ~ V ~ ~ W ~ ~ W ~ ~ W ~ ~ F O P ~ ~ O ~  
COMMON/CONST3/DELXA~DELYA,DELZA~DELXE~DELY~rDELZErDELXI~DEL~I~ 
C ~ M M O N / E V E N T / N E V ~ T E V ~ 5 O ~ ~ I E V N T ~ ~ 0 ~ r I H ~ P ~ ~ I E I G ~ T P T 2 ~ 2 0 ~ ~  
BDELZT,DELAXS,DELECC1DELICLIDELMUSrDELMUP 
BICDT3~20~rNPE~NGE~IPOL~IIPOL,XCDQ3~2O~~SIGRES~SIGPROrSIGALP~SIGBE~ 
B I N E V ~ ~ N E V ~ P N E V ~ ~ N E V ~ P N Q E  
C O M N O N / G U I / P G ( 1 7 ~ 1 7 ) v X G ( 6 ) r T G I E M ( 2 , 6 )  
COMMON /MEAS/ TMN(10001 PMCODE(~OOO),NMNIMCNTR 
C O M M O N / M I S C / A C C ~ I D N F ~ I C O O R , I T R r I M N F ~ F A C P ~ F A C V ~ I S P 2 ~ B I A ~ l 2 ~ ~ I P ~ N  
COMMON /NAME/~DNM(4r2) ,EVNM(4) ,MNNAME(12,3)rCMPNM(l l r l7)  
C O M M O N / S 7 M / P ( 1 7 r 1 7 ) r P S I ( l 7 ~ l 7 ) , Q ( 1 7 , 1 7 ) r H ( 4 v l 7 ) ~ R ( 4 r 4 ) ~ A K ( l 7 ~ 4 )  
C O M M O N / S T V E C / X I ( ~ 7 ) r X F ( 1 7 ) , N D I M I I A U G r ~ B ( l ~ ~  
COMMON/TIM /DATEJ,THTM~~DELTMIFNTMvUNIVT~TRTMB 
C O M M O N / T R A J C D / N T M C V I S T M C I I S T M ~ ~ D T M A X , N D A C C ~ A C C N D  
COMMON/VM/NBOOPNR(~~) ~NTPIALNGTHVTMIDELTP~INPR~IPROB~RC(~)PDCP 
B H S I ~ ~ ~ ~ V S I ~ ~ ~ ~ D S I ~ I S ~ H ~ R V S ~ ~ ~ ~ V M U , B , B D T ~ B D R ~ D E L T H ~ T I M I N T ~ I N C M T I  
B I E P H E M ~ I C L ~ I P H I N T ~ R E ( ~ ) ~ R T P ( ~ ) P I C L ~  
B1PB(17,17),PSIP(17r17)rHPHR(4,4) 





1000 FORMAT(lH1///5X*S U M M A R Y 0 F E R R 0 R A N A L Y S I S 
B M 0 D E*//90X*PROBLEMI **110,5X*PAGE. * *18 / / / / )  
DO 1 I = 1 ~ 6  
1 R I ( I ) = X B ( I )  
TRTMIZTRTMB 
GO TO (10120)rNTMC 
1 0  WRITE(6f1001)  
1 0 0 1  FORMAT(8X*PATCHED CONIC TRAJECTORY*///) 
GO TO 55 
2 0  WRXTE(6v2001) 
2 0 0 1  FORMAT(8X*VIRTUAL MASS TRAJECTORY*///) 
2010 FORMAT(lOX*ACCURACY FIGURE* E 1 3 r 6 r *  INDICATES TRUE ANOMALY INCREME 
WRITE(6v2010) ACCtDELTH 
BNT I S *  E 2 0 r 1 3 *  RADIANS*//) 
w R I T E ( 6 ~ 2 0 1 3 )  ALNGTHlTM 
2013 FORMAT(lOX*LENGTH UNITS*E20.10*/A.U.*/lOX*TIME UNITS*E22*10*/DAY* 
%/ /  1 
I=IEPHEM+l 
GO TO ( 2 1 r 2 2 ) r  I 
2 1  WRITE(6v2014) 
2 0 1 4  FORMAT(loX*ORBITAL ELEMENTS FOR EPHEMERIS CALCULATE0 I N I T I A L L Y  AT 
BGIVEN DATE*//) 
GO TO 23 
22 W R I i E ( 6 ~ 2 0 1 5 )  
B INTERVAL*//) 





D 2  = TRTM2+DATEJ 
D3=D1+2415020, 
D4=02+2415020. 
C A L L  T I M E ( D ~ ~ L Y R P L M O I L D A Y I L H R , L M I N ~ S E C L I ~ )  
C A L L  T I M E ( D ~ P I Y R P I M O V I D A Y , I H R , I M I N ~ S E C I , ~ )  
WRITE(6r2002) T R T M B I D ~ , L M O I L D A Y , L H R , L M I N I S E C L , L Y R , T R T M ~ # D ~ , I M O ~  
BIDAYIIHRPIMINPSECI~IYR 
2002 FORMAT(lOX*INITIAL TKAJECTORY TIME*F12.5* DAYS# JULIAN DATE*F20.10 
BI~X*CALENDAR DATE*413,F703r*r* I5  
8 /  I O X  *FINAL TRAJECTORY TIME *F12.5* DAYS9 JULIAN DATE*F20.10 







~ ' R I T E ( 6 t 2 0 0 4 )  ~ H I ~ I ~ r I ~ 1 ~ 3 ~ r R M I ~ ~ R I ~ I ~ , I ~ 4 ~ 6 ~ ~ V M I I ( R F ~ I ~ ~ I ~ l ~ 3 ~ ~  
B R M F , ( R F ( I ) F I = ~ , ~ ) , V ~ F  
2004 FORMAT(/lOX*HELIOCENTRIC ECLIPTIC COORDINATES*//, 
B 10X* IN IT IAL  POSITION OF VEHICLE s a **4E20.8/ 
B 10X* IN IT IAL  VELOCITY OF VEHICLE 0 **4E20.8/ 
3J 10X*FINAL POSITION OF VEHICLE e e * e * .*4E20.8/ 
B 10X*FINAL VELOCITY OF VEHICLE e e * a **4E20.8) 
DO 30 I = 1 ~ 6  
V T ( I ) = R F ( I ) - R T P ( I )  







B R M I I ( V T ( I ) , I = ~ , ~ ) , V M I  
BlOX*POSITION OF VEHICLE RELATIVE TO EARTH*QE20.8/ 
BlOX*VELOCITY OF VEHICLE RELATIVE TO EARTH*QE20.8/ 
BlOX*POSITION RELATIVE TO TARGET PLANETI .*4E20.8/ 
BlOX*VELOCITY RELATIVE TO TARGET PLANET. .*4E20.8) 
2005 F O R M A T ( / / ~ O X * A T  FINAL TIME*// 
R M I = F ( R C ( ~ ) P R C ( ~ ) P R C ( ~ ) )  
VMI=F(RC(4),RC(5)rRC(6)) 
C A L L  T I M E I C C ~ I Y R ~ I M O ~ I D A Y ~ I H R , I M I N , S E C I , 1 )  
WRITE(6p2006) I M O I I D A Y ~ I H R ~ I M I N ~ S E C I I I Y R ~ D ~ ~  
D4=DC+2415020. 
B ( R C ( I ) ~ I = 1 ~ 3 ) ~ R M I ~ ( R C ( I ) , I = 4 ~ 6 ) ~ V M I  
BI5,*. e oJULIAN DATE *F20110// 
BlOX*POSITION RELATIVE TO TARGET PLANET. r*4E20.8/ 
BlOX*VELOCITY RELATIVE TO TARGET PLANET. * *4E20*8)  
2006 FORMAT(//lOX*AT CLOSEST APPROACH, e e CALENDAR DATE*413~F7.3r*r*  
IPGN=IPGN+l 
IF ( ISPH)  4 0 i 4 5 8 4 0  
40 R M I = F ( f f S I ( l ) r R S I ( 2 ) , R S I ( 3 ) )  
VMI=F(VSI(l)rVS1(2),VSI(3)) 
C A L L  T I M ~ ( D S I ~ I Y R ~ ~ I M O ~ f D A Y ~ I H R ~ I M I N ~ s E C I ~ 1 )  
WRITE(6r2007) I M O I I D A Y ~ I H R ~ I M I N ~ S E C I , I Y R , D ~  v R S I ~ R M I # V S I P V M I  
2007 FORMAT(//lOX*AT SPHERE OF INFLUENCE. e CALENDAR DATE*413vF7.3* 
04=DS1+2415020r 
B*~*15 i , * r  rJULIAN DATE *F20.10// 
BlOX*POSITION RELATIVE TO TARGET PLANET. e*QE20.8/ 
BlOX*VELOCIIY RELATIVE TO TARGET PLANET. e*'+E20.8) 
XF(MAXeGTe51) GO TO 4 1  
403 
WRITE(6t1000)  IPROB#IPGN 
4 1  WRITE(6e2008) BvBDTpBDR 
2008 FORMAT(//lOX*B =*E20*8* DOT T =*E20*8* B DOT R =*E20.8) 
IF(MAXeLTe60) GO TO 50 
W R I T E ( 6 ~ 1 0 0 0 )  IPROBvIPGN 
GO TO 5 0  
4 5  WR1TE(6~2009)  
2009 FORMAT(//lOX*VEHICLE DID NOT PIERCE SPHERE OF INFLUENCE OF TARGET 
$PLANET*) 
50 CONTlNUE 
5 5  WRITE(6e3000) 
3000 FORMAT(//lX13O(lH*)///8X*MISCELLANEOUS DATA FOR ERROR ANALYSIS MOD 
WR1TE(6~1000)  IPROBtIPGN 
BE*/// 1 
GO TO ( 6 0 e 7 0 ~ 8 0 ) ~  ISTMC 
60 WR1TE(6~3001)  DTP’IAX 
3 0 0 1  FORMAT(lOX*THE STATE TRANSITION MATRIX WAS COMPUTED ANALYTICALLY F 
BHOM THE PATCHED-CONIC TECHNIQUE EXCEPT FOR THE FOLLOWING CONDITION 
B*/ /15X*IF THE TIME INTERVAL OVER WHICH THE STATE TRANSITION MATRIX 
B WAS COMPUTED WAS GREATER THAN*F8.3* DAYS*) 
I F ( I S T M 1 )  6 2 ~ 6 1 ~ 6 1 2  
61  WR1TE(6~3002)  
3002 FORMAT (15X*THE GOVERNING BODY WAS ASSUMED TO BE THE SUN I N  THE AN 
BALYTICAL CALCULATION*) 
GO TO 9 0  
62 WRITE(6r3003)  
3003 FORMAT(lSX*THE STATE TRANSITION MATRIX CODE WAS IGNORED AND THE NU 
BMERICAL DIFFERENCING TECHNIQUE WAS USED*) 
GO TO 9 0  
70 WRITE(6p3004) DTMAX 
3004 FORMAT(lOX*THE STATE TRANSITION MATRIX WAS COMPUTED ANALYTICALLY F 
$RON THE VIRTUAL MASS TECHNIQUE EXCEPT FOR THE FOLLOWING CONDITION 
B*/ /15X*IF THE TIME INTERVAL OVER WHICH THE STATE TRANSITION MATRIX 
9; WAS COMPUTED WAS GREATER THAN*F8.3* DAYS*) 
I F  ( I S T M l )  7 2 ~ 7 1 ~ 7 2  
71 WRITE(6r3002)  
GO TO 9 0  
7 2  WRITE(6r3003)  
GO TO 9 0  
80 WRITE(6r30C5) 
3005 FORMAT(/OX*THE STATE TRANSITION MATRIX WAS COMPUTED FROM THE NUMER 
BICAL DIFFERENCING TECHNIQUE*) 
WR1TE(6~3006)  FACPvFACV 
IF(NDACC) 8 1 ~ 9 0 ~ 8 1  
3006 FORMAT(15X*POSITION FACTOR =*E18*10/15X*VELOCITY FACTOR =*E18*10I  
81 WRITE(6r3007)  ACCND 
3007 FORMAT(lSX*ACCURACY USED = *E18.10) 
90 GO TO ~ 1 0 0 ~ ~ 0 0 ~ ~ 0 0 ~ 1 0 0 ~ ~ ~ r l O O ~ ~ ~ 0 ~ ~ ~ 0 ~ ~ ~ ~ 9 ~ ~ 1 0 ~ ~ ~  IAUG 
91 WRITE(6t3008)  DELAXSIDELECC~DELICL 
3008 FORMAT(/lOX*WHEN THE THREE EPHEMERIS BIASES O F  THE TARGET PLANET A 
$RE AUGMENTED TO THE STATE, THE FOLLOWING FACTORS WERE USED I N  THE* 
r/lOX*NUMERICAL DIFFERENCING TECHNIQUE TO GENERATE THAT AUGMENTED P 
SORTION OF THE STATE TRANSITION MATRIX*/15X*SEMf-MAJOR AXIS*E2OrIO/ 
$15X*ECCENTRICITY *E20e10/15X*INCLINATION *E204101 
3009 FORMAT(//lOX*NUMBER OF MEASUREMENTS TAKEN o * * I 5 1  
3010 FORMAT(//lOX*TOTAL NUMBER OF EVENTS e e e e **15/15X*EIGENVECT 
BOR EVENTS, e e e e o*I5/15X*PREDICTION EVENTS e e e * * I 5 1 1  
B5X*GUIDANCE EVENTS e e e e . * I 5 1  
100 W R I f E ( 6 ~ 3 0 0 9 )  NMN 





101 WRITE(6r3011) SIGRESISIGPHOISIGALPISIGBET 
3011 FORMAT(~OX*FOR GUIDANCE EVENTS*/~SX*VARIANCE OF RESOLUTION ERROR* 
86XE20.10/15X*VARIANCE OF PROPORTIONALITY ERROR *E20*10/15X*VARIANC 
%E20 e 10 
$E OF POINTING ANGLE 1*6XE20,10/15X*VARIANCE OF POINTING ANGLE 2*6X 
110 IF(NST) 1 2 0 ~ 1 1 1 ~ 1 2 0  
111 WRITE(6r3012) (I,SAL(I),SLAT(I)*SLON(I)~I=l~NST) 
3012 FORMAT(//lOX*STATION LOCATION CONSTANTS*/3OX*ALTITUDE*l2X*LATITUDE 
120 IF(IDNF1 122~121r122 
121 hRITE(6~3013) 
S*12X*LONGITUDE* /3 (15X*STATION* I2 ,3E20 .10 /~~  
3013 FORMAT(//~OX*DYNAMIC NOISE IS ZERO*) 
GO TO 130 
122 WRITE(6r3014) ONCN 
3014 FORMAT(//lOX*THE DYNAMIC NOISE MATRIX IS A DIAGONAL MATRIX WHERE T 
SHE ELEMENTS ON THE DIAGONAL ARE COMPUTED FROM THE FOLLOWING CONSTA 
SNTS*/1OX6E20rlO) 
130 IF(IMNF)132r131~132 
131 kRITE(6~3015) ( ( M N N A M E ( I I J ) ~ J = ~ , ~ ) ~ M N C N ( I )  ~I=lv12) 
3015 FORMAT(//~OX*MEASUREMENT NOISE WAS CONSTANT AS SHOWN BY THE FOLLOW 
SING NUMBERS*/12(15X3A10E20~10/)) 
GO TO 140 
132 WRITE(6v3016) 




WHIlE(6~3017) I , U ~ , V ~ , W ~ F J , U ~ , V ~ ~ W ~ ~ K ~ U ~ ~ V ~ ~ W ~  
















FORMAT(BX*STATISTICAL DATA FOR ERROR ANALYSIS MODE*///) 
hRITE(6r3020) ( C M P N M ( I A U G I I ) ~ X ~ ( I ) ~ X F ( I ) ~ I = ~ ~ ~ D I M )  
FORMAT(lOX*STATE V E C T O R * / ~ ~ X * I N I T I A L * ~ ~ X * F I N A L * / ~ ~ ~ ~ ~ X ~ A ~ O V ~ ~ E ~ O ~ ~  
IF(NDIMeNEe6) GO TO 160 
80~10X1E20rfO/)) 
WRITE(6r3021) 
FORMAT(//~OX*INITIAL COVARIANCE MATRIX*/) 
FORMAT(lOX6E20*10) 
kRITE(6~3023) 
FORMAf(//lOX*FINAL COVARIANCE MATRIX*/) 
DO 151 I=lt6 
WRITE(6r3022) (P(I*J)vJ=le6) 
GO TO 200 
LINES = 16 + NDIM 
WRITE(6v3021) 
00 162 I=loNDIM 
IPGN=IPGN+l 
WRITE(6r1000) IPROBvIPGN 
IF(L1NESrLTeMAX-4) GO TO 161 
LINES=IO 
40 5 
161 WRITE(6v3024) I 
3024 FORMAT (10X*ROW*I3) 
WRITE(6r3022) (PB(IIJ)~J=~PNOIM) 
162 LINES = LINES+NDLM/6+2 




DO 172 I=lrNDIW 












C O M M O N / C O N S T / O M E G A F E P S ~ N S ~ , S A L ( ~ ) ~ S L A T ( ~ ) ~ S L O N ( ~ ) ~ D N C N ( ~ ) , M N C N ( ~ ~ )  
C O M M O N / C O N S T 2 / U l r U 2 ~ U 3 , V l r V 2 ~ V 3 ~ W l ~ W 2 r W 3 ~ F O P ~ F O V  
COMMON/CONST3/DELXA~DELYAIDELZA,DELXE,DELY~~DELZE~DELXI~DELYI~  
C O M M O N / E V E N T / N E V ~ T E V ~ ~ O ~ ~ I E V N T ( S O ~ ~ I H Y P l ~ I E I G ~ T P T 2 ~ 2 0 ~ ~  
$DELZIIDELAXS~OELECC,DELICL,DELMUS~DELMUP 
~ P C D T ~ ~ ~ ~ ~ ~ N P E I N G E ~ I P O L ~ ~ I P O L , I C D Q ~ ~ ~ O ~ ~ ~ I G ~ E S ~ S I G P R O ~ S I G A L P ~ S I G ~ E T  
B ~ N E V l ~ N E V 2 ~ N E V 3 ~ N E V 4 ~ N Q E  
C O M M O N / G U I / P G ( ~ ~ P ~ ~ ) ~ X ~ ( ~ ) ~ T G , E M ( ~ , ~ )  
COMMON /MEAS/ TMN(1000)rMCODE(1000~~NMN,MCNTR 
C O M M O N ~ M I S C ~ A C C ~ I D N F , I C O O R , I T R , I M N F ~ F A C P ~ F A C V ~ I S P 2 ~ B I A ~ l 2 ~ ~ I P G N  
COMMON /NAME/MDNM(4,2)~EVNM(4),MNNAME(l2~3),CMPNM(ll~l7) 
C O M M O N / S I M C N T / D M U S B I D M U P ~ , ~ A B I D E B ~ D I ~ ~ T T I M ~ ~ T T I M ~ ~ U N M A C ~ ~ ~ ~ ~ ~  
COMMON / S I M 1 / X I 1 ~ 1 7 ~ ~ X F 1 ~ 1 7 ~ r A D E V X ~ l 7 ~ ~ E D E V X ~ 1 7 ~ ~ W ~ l 7 ~ ~ 2 ~ 1 7 ~ ~  
COMMON / S I M Z / N B ~ ( ~ ~ ) ~ A C C ~ V N B O D ~  
C O M M O N / S ~ M / P ~ 1 7 ~ ~ ~ ~ ~ P S I ~ l 7 ~ l 7 ~ ~ Q ~ l 7 ~ l ~ ~ ~ H ~ ~ ~ l 7 ~ ~ R ~ 4 ~ 4 ~ ~ A K ~ l 7 ~ 4 ~  
$ I P B ( ~ ~ ~ ~ ~ ) , P S I P ( ~ ~ F ~ ~ ) , H P H R ( ~ ~ ~ )  
C O M M O N / S T V E C / X I ( 1 7 ) r X F ( 1 7 ) , N D Z M , I A U G I X B ( 1 7 )  
COMMON/TIM /DATEJtTHTMlrDELTMtFNTMrUNXVT,TR7MB 
C O M M O N / T R A J C D / N T M C ~ I S T M C , I S T M 1 , D T M A X ~ N D A C C ~ A C C N D  
C O M M O N / T R J / I S O I ~ ~ I S O I ~ ~ I S O I ~ , I C A ~ ~ I C A ~ ~ ~ C A ~ F R C A ~ ~ ~ ~ ~ R C A ~ ~ ~ ~ ~  
B R C A 3 ~ 6 ~ ~ R S O I 1 ~ 3 ~ ~ R S O I 2 ~ 3 ~ r R S O I 3 ~ 3 ~ ~ V S O I l ~ 3 ~ ~ V S O I 2 ~ 3 ~ ~ V S O I 3 ~ 3 ~ ~  
BTCAl~TCA2rTCA3~TSOI1,T50I2~TSOI~~~SIlrSSI2~BSI3~6DTSIl~BDTSI2~ 
8 6 D T S 1 3 r B D R S I l , B O R S I 2 r B D R 5 1 3  
COMMON/VM/NBOO,NB(ll)pNTPIALhGTH,TMIDELTP~INPR~XPROB~RC(6),DC, 
8hSI(3) ~ W S I ~ 3 ~ r D S I ~ I S P H ~ ~ V S ~ 6 ~ t V M U , B , B D T , B D R , D E L l H ~ T I M I N T ~ I N C M T ~  
BIEPHEMFICL@IPRINTPRE(~),R~P(~)~ICL~ 
B S L B ~ ~ ~ ~ A W A R M ~ 1 2 ~ ~ I A M N F ~ A R E S ~ 2 O ~ ~ A P R O ~ 2 O ~ ~ A A L P ~ 2 O ~ ~ A ~ E T ~ 2 0 ~  
B A N O I S ( 1 7 ) r R E S ( 4 ) , E Y ( 4 ) , A Y ( 4 ) , A R ( 4 , 4 ) , Z I ( l 7 ) ~ A D E V X B ( l 7 )  
C O M M O N / B L K ~ T ~ P M A S S ~ 1 1 ~ r C N ( 8 O ~ ~ S T ( 5 O ~ ~ E M N ~ l ~ ~ ~ S M J R ~ l 8 ~  
COMMON / B L K / R A O I U S ~ l l ~ r R M A S S ~ l 1 ~ ~ N O ~ l l ~ r E L M N T ~ 8 O ~ ~ S P H E R E ~ l l ~ ~ X P ~ 6 ~  
DIMENSION R I ( G ) r R F ( 6 ) , R I 1 ( 6 ) r R F 1 ( 6 ) r R E 1 ( 6 ) r R E 2 ( 6 ) r R E 3 ( 6 ) , R P l ( 6 ) ~  
F ( A , ~ , C ) = S Q R T ( A * A + B * B + C * C )  
MAX=bO 
XPGN=IPGN+l 
WRITE(6e1000)  IPROBtIPGN 
COMMON / P R T / M O N T H ( ~ ~ ) ~ P L A N E T ( ~ ~ )  
~ H P ~ ( ~ ) F R P ~ ( ~ ) ~ A O D I ( ~ ~ ) ~ E D O N ( ~ ~ ) ~ A D O N ( ~ ~ )  
1 0 0 0  FORMAT(lHI///SX*S u M MA R Y 0 F S I M U L A T I O  N M 0 D 
BE*/ /90X*PROBLEM* e* I10?5Xt*PAGEe **18// / / )  
L INES= lO 
GO TO (10r20)eNTMC 
1 0  W R 1 T E ( 6 ~ 1 0 0 1 )  
1 0 0 1  FORMAT(8X*PATCHED CONIC TRAJECTORY*///) 
LINES=LINES+4 
GO TO 2 2 0  
2 0  WRITE(6e2001)  
2 0 0 1  FORMAT(BX*VIRTUAL MASS TRAJECTORY*///) 
LINES=LINES+4 
WRITE(6 r2002)  A C C i A C C l  
2 0 0 2  FORMAT(lOX*ACCURACY USED I N  TRAJECTORY*//14X*NOMINAL*8X*ACTUAL*/ 





k d R I T E ( 6 ~ 2 0 0 3 )  
2 0 0 3  FORMAT(///ZOX*BODIES CONSIDERED I N  TRAJECTORY*//12X*NOMINAL*8X*ACT 
BUAL*/ 1 
DO 30 l = l r K  
407 
Jl=NE ( I) 
J2=NEl(I) 
IF(J1.EQ.O) GO TO 28 
IF(J2,EQ.O) GO TO 27 
WRITE(6p2004) PLANET(Jl)pPLANET(J2) 
GO TO 30 
GO TO 30 
WRITE(6e2004) BLANKvPLANET(J2) 
GO TO 30 
29 WRITE(6120041 BLANKtijLANK 
30 CONTINUE 
2004 F O R M A T ( ~ ~ X P A ~ O I ~ X ~ A ~ O )  
27 WRITE(6r2004) PLANET(J1)rBLANK 









IF(LINESeLT.MAX-7 GO TO 40 
40 wRITE(6~2005) DblUSUvPLANET(NTP),DMUPB 
2005 
B O R Y * / / 1 2 X * S U N * 7 X ~ E 1 O I J / 1 2 X I A 1 0 , E 1 0 1 3 )  
IF (LINESeLTeMAX-8) GO TO 50 
LINESZ10 
50 ~JHITE(6r2006) DAUPUEB~DIB 
2006 FORMAT(///lOX*EPHEMERIS BIASES USED IN ACTUAL TRAJECTORY*//12X 







CALL T I M E ( D ~ P L Y R ~ L M O P L D A Y , L H R P L M I N , S E C L )  




IF(L1NESrLTeMAX-5 GO TO 60 
60 WRITE(6r2020) T R T M B ~ D ~ ~ L M O I L ~ A Y ~ L H R ~ ~ M I N P S E C L I L Y R I F N T M ~ D ~ ~ I M O ~ I D A ~  
2020 FORMAT(///lOX*INITIAL TRAJECTORY TIME*F12*5* DAYS, JULIAN DATE* 
B~IHRoIMIN~SECI~IYR 
BF20.10,5X*CALENOAR DATE*413tF7.3*t* IWlOX*FINAL TRAJECTORY TIME * 






2007 FORMAT(///lOX*AT INITIAL TIMEI ECLIPTIC COORDINATES OF VEHICLE*// 
















100 WRITE(6t2009)  
2009 FORMAT(///lOX*AT FINAL TIME*//40X*X*19X*Y*19X*Z*l5X*RESULTANT*) 
WRITE(6r2010)  
2010 FORMAT(l2X*ORIGINAL NOMINAL TRAJECTORY*) 
WRITE(6t2008)  ~ X F ~ I ~ v I ~ l r 3 ~ ~ ~ M S ~ ~ ~ X F ~ I ~ ~ I ~ ~ ~ 6 ~ ~ V M S l ~ ~ R ~ l ~ I ~ ~ I ~ l ~ ~ ~  
B,RMEl, (REl( I ) ,1=4,6) tVMElrPLANET(NTP)r  
B ( R P 1 ( 1 ) ~ I = l r 3 ) e R M P l r  ( R P l ( I ) v I = 4 e 6 ) e V M P l  
LINEs=LINEs+17 




L I NES=16 
GO TO 111 
110 WRITE(6t2011)  
111 WRITE(6e2012) 
2012 FORMAT(12X*MOST RECENT NOMINAL TRAJECTORY*) 
2 0 1 1  FORMAT(/) 
w R I T E ( 6 ~ 2 0 0 8 )  ~ X F 1 ~ I ~ ~ I ~ 1 ~ 3 ~ ~ R M S 2 ~ ~ X F l ~ I ~ ~ I ~ 4 ~ 6 ~ ~ V M S 2 ~ ~ R E 2 ~ 1 ~ ~ 1 ~ 1 ~  
8 3 ) , R M E 2 , ( R E 2 ( I ) r I = 4 , 6 ) , V M E 2 , P L A N E T ( N T P ) ~ ( R P 2 ( 1 ) ~ 1 = 1 ~ 3 ) , R M P 2 ~  
B ( R P ~ ( I ) P I = ~ P ~ ) ~ V M P ~  
LINES=LINES+13 
IF(LINES*LTsMAX-13) GO TO 120 
IPGN=IPGN+1 
W R I T E ( 6 ~ 1 0 0 0 )  IPROBvIPGN 
WR1TE(6~2009)  
L I NES=16 
GO TO 121 
120 WRITE(6t2011)  
121 WRITE(6t2013)  
2013 FORMAT(12X*ACTUAL TRAJECTORY*) 
WRITE(6rEOOB) ~ 2 ~ I ~ ~ I ~ l r 3 ~ ~ R M S 3 ~ ~ 2 ~ I ~ , I ~ 4 ~ 6 ~ ~ V M ~ 3 e ~ R E 3 ~ I ~ ~ I ~ l ~ 3 ~ ~  
B R M E ~ ~ ( R E ~ ( I ) ~ I = ~ ~ ~ ) P V M E ~ P P L A N E T ( N T P ) ~  
8 (RP3(1) ,1=1,3)rRMP3v(RP3(1)r I=4,6)rVMP3 
LINES=LINES+13 
R M P l = F ( R C A l ( l ) , R C A l ( 2 ) , R C A 1 ( 3 ) )  
V M P ~ = F ( R C A ~ ( ~ ) ~ R C A ~ ( ~ ) P R C A ~ ( ~ ) )  
R M P 2 = F ( R C A 2 ( 1 ) , R C A 2 ( 2 ) r R C A 2 ( 3 ) )  
V M P 2 = F ( R C A 2 ( 4 ) , R C A 2 ( 5 ) , R C A 2 ( 6 ) )  
R M P 3 = F ( R C A 3 ( l ) r R C A f ( 2 ) , R C A 3 ( 3 ) )  
VMP3=F(RCA3(4) ,RCA3(5)rRCA3(6))  
IF(LXNES.LT*MAX-17) GO TO 130 
IPGN=IPGN+l 
WRITE(6r100,O) IPROB, IPGN 
LINES=10 
130 WRITE(6e2014) T C A 1 ~ ~ R C A 1 ~ I ~ e I ~ l r 3 ~ , R M P l r ( R C A 2 ( I ~ ~ I ~ 4 r 6 ~ ~ V M P l ~ T C A 2 ~  
% ~ R C A 2 ( I ) ~ I = ~ r 3 ) r H M P 2 , ( R C A 2 ( I ) ~ I = 4 ~ 6 ) r V M P 2 ~ ~ C A 3 ~ ~ R C A 3 ~ I ~ ~ I ~ ~ ~ 3 ~ ~  
BRMP3,(RCA3(1) ,1=416)rVNP3 
2014 FORMAT(///lOX*AT CLOSEST APPROACH TO THE TARGET PLANET*//4OX*X*lSX 
%*Y*19X*Z*15X*RESULTANT*/l2X*ORIGINAL NOMINAL TRAJECTORY AT TRAJECT 
BORY TIME*F8.3* DAYS* /14X*POSITION*5X4E2O~lO/14X*VELOCITY*5X~ 
84E20~10//12X*WOST RECENT NOMINAL TRAJECTORY AT TRAJECTORY TIME* 
BF8e3* DAYS*/14X*POSITION*5X4E2O*lO/l4X*VELOCITY*5X4E2O~lO//l2X 
%*ACTUAL TRAJECTORY AT TRAJECTORY TIME*F8,3* DAYS*/14X*POSITION* 
55X4E20~10/14X*VELOCITY*5X4E20vlO) 
LINES=LINES+l? 




0 )  GO TO 160 
V M P 1 = F ( R S O I 1 ( 4 ) r R S O I 1 ( 5 ) ~ R S O ~ l ~ 6 ) )  
WRITE (6r2016 
2016 FORMAT (14 
3i3DTSI1~BDRSIl~TSOI1 
$E20.10*~ Ei D 
%F8*3* DAYS*/) 
LINES=LINES+14 
GO TO 170 
160 WRITE(6t2017) PLANETtNTP) 
2017 FORMAT(14X*VEHICLE DID NOT REACH SPHERE OF INFLUENCE OF *A10/) 







IF(ISOI2eEQ.O) GO TO 180 
HMP2=F(RSOI2(l)rRSOI2(I)rRSOI2(3)) 
V M P ~ = F ( R S O I ~ ( ~ ) P R S O I ~ ( ~ ) ~ R S O I ~ ( ~ ) )  
WR1TE(6~2016) ~ R S 0 1 2 ~ 1 ~ r 1 ~ 1 t 3 ~ ~ R M P 2 ~ ~ R S 0 1 2 ~ 1 ~ ~ 1 ~ 4 ~ 6 ~ r V M P 2 ~ ~ S 1 2 t  
LINES=LINES+B 








180 WRITE(6p2017) PLANET(NTP1 
190 IF(LINESeLT*MAX-8) GO TO 200 
IF(ISOI3.EQeO) GO TO 210 
R M P ~ = F ( R S O I ~ ( ~ ) ~ R S O I ~ ( ~ ) P R S O I ~ ( ~ ) )  
VMP3=F(RSOI3(4)rRSOI3(5),RSOI3(6)) 





3000 //~XP~~O(~H*)///~X*MISCELLANEOUS INFORMATION USED IN SIMULA 
BTION MODE*///) 
( 2 4 0 ~ 2 5 0 ~ 2 6 0 ) ~  ISTMC 
240 WRITE(6r3001)  DTMAX 
3 0 0 1  FORMAT(lOX*THE STATE TRANSITION MATRIX WAS COMPUTED ANALYTICALLY F 
BROM THE PATCHED-CONIC TECHNIQUE EXCEPT FOR THE FOLLOWING CONDITION 
8* / /15X*IE THE TIME INTERVAL OVER WHICH THE STATE-TRANSITION MATRIX 






















5 WAS COMPUTED WAS GREATER THAN*F8*3* DAYS*) 
I F  (PSTM1) 2 4 2 ~ 2 4 1 ~ 2 4 2  
WRITE(6#3002)  
FORMAT (15X*ThE GOVERNING BODY WAS ASSUMED TO BE THE SUN I N  THE AN 
GO TO 270 
WRITE(Gr3003) 
FORMAT(15X*THE STATE TRANSITION MATRIX CODE WAS IGNORED AND THE NU 
GO TO 270 
WRITE(6r3004)  DTMAX 
FORMAT(lOX*THE STATE TRANSITION MATRIX WAS COMPUTED ANALYTICALLY F 
*HOM THE VIRTUAL-MASS TECHNIQUE EXCEPT FOR THE FOLLOWING CONDITION* 
B/ /15X* IF  THE TIME INTERVAL OVER WHICH THE STATE TRANSITION M A T R I X  
*WAS COMPUTE0 WAS GREATER THAN*F8,3* DAYS*) 
BALYTICAL CALCULATION*) 
BMERICAL DIFFERENCING CODE WAS USED*) 
I F  ( ISTM1) 2 5 2 ~ 2 5 1 ~ 2 5 2  
WRITE(6r3002)  
GO TO 270 
WHITE(6v3003) 
GO TO 270 
WRITE(6r3005)  
FORMAT(IOX*THE STATE TRANSITION MATRIX WAS COMPUTED FROM THE NUMER 
SICAL DIFFEREWING TECHNIQUE*) 
WRITE(6r3006)  FACPtFACV 
FORMAT(15X*POSITION FACTOR =*E20,10/15X*VELOCITY FACTOR =*E20910) 
IF(NDACC1 2 6 1 , 2 7 0 ~ 2 6 1  
WRITE(6t3007)  ACCND 
LINES=LINES+4 
GO TO ~290~290~290~290~280r290,29Ot290~290~280~28~~29O~~IAUG 
IF(LINES*LTeMAX-6) GO TO 2 8 1  
IPGN=IPGN+1 
w R I T E ( 6 ~ 1 0 0 0 )  IPHOBPIPGN 
LINES=10 
WRITE(6r3008)  PLANET(NTP)POELAXSVDELECCVDELICL 
FORMAT(/lOX*THE FOLLOWING FACTORS WERE USED I N  THE NUMERICAL DIFFE 
BRENCING TECHNIQUE TO GENERATE THE AUGMENTED*/lOX*PORTION OF THE ST 
BATE TRANSITIOhr MATRIX PERTAINING TO THE EPHEMERIS BIASES OF *A101 
BlSX*SEMI-MAJOR AXIS*E20e10/15X*ECCENTRICITY *E20*10/15X*INCLINAT 
BION *E20.10 1 
FORMAT(15X*ACCURACY USED =*E22.10) 
LINES=LINES+6 
GO TO ( 3 0 0 e 3 0 0 r 2 9 1 ~ 3 0 0 ~ 3 0 0 r 3 0 0 , 2 9 1 ~ 3 0 0 ~ 2 9 1 ~ 3 0 0 ~ 2 9 1 ~ ~  IAUG 
IF(LINES*LT.MAX-5) GO TO 292 
IPGN=IPGN+I 
WRITE(6e1000) IPROBvIPGN 
WRITE(6r3009)  DELMUS,PLANET(NTP) 9DELMUP 
FORMAT(/lOX*TtiE FOLLOWING FACTORS WERE USED IN THE NUMERICAL DIFFE 
BRENCING TECHNIQUE TO GENERATE THE AUGMENTED PORTION O F  THG STATE*/ 
LINES=~O 
BlOX*TRANSITION PERTAINING TO THE BIASES OF THE GRAVITATIONAL CONST 





IF(L1NESeLTeMAX-12) GO TO 3 0 1  
412 
L I N E S = ~ O  
3 0 1  W R I T E ( 6 ~ 3 0 1 0 1  NMN 
3010 FORMAT(///lOX*NUMBER OF MEASUREMENTS TAKEN 9 * *15)  
3 0 1 1  FORMAT(///lUX*TOTAL NUMBER OF EVENTS * * e * * I 5 /  
B lSX*EIGENVECTOR EVENTS. * * I 5 1  
B lSX*PREDICTION EVENTS e * e . * I 5 1  
5 lSX*GUIRANCE EVENTS * e e * . * I51 
B ISX*OUASI-LINEAR FILTERING EVENTS . * I 5 1  
WRITE(6r3011)  N E V ~ N E V ~ P N E V ~ P N E V ~ P N E V ~  
LINES=LINES+12 
IF(NEV3rEQ.O) GO TO 3 3 0  
IF(L1NESeLTeMAX-7 GO TO 310 
IPGN=IPGN+l 
w R I T E ( 6 ~ 1 0 0 0 )  IPROBvIPGN 
L INES=10 
310 w H I T E ( 6 ~ 3 0 1 2 )  SIGRESPSIGPROPSIGALP,SIGBET 
3012 FORMAT(///lUX*VARIANCES OF ERRORS USED I N  GUIDANCE EVENTS*//20X 




NRITE(6r1000)  IPROBiIPGN 
LINES=10 
I F  (LINESeLT.MAX-NEV3-6) GO TO 320 
320 WRITE(6r3013)  ( I ~ A R E S ( I ) ~ A P R O ~ I ) ~ A A L P ( I ) , A B E T ( I ~ F I = ~ ~ N ~ V ~ ~  
3013 FORMAT(///lOX*ACTUAL ERRORS USED I N  GUIDANCE EVENT*//20X*RESOLUTIO 




W R I T E ( ~ ~ ~ O O O ) I P R O B P I P G N  
L INESzlO 
330 IF(L1NESeLTeMAX-9 GO TO 3 3 1  
331 WRITE(6r3014)  (IISAL(I),SLAT(I),SLON(I)~~=~,~) 
3014 FORMAT(///lOX*STATION LOCATION CONSTANTS*/32X*ALTITUDE* 12X*LATITU 
~ D E * 1 2 X * L O N G I T U D E * / 3 ~ 1 5 X * S T A T I O N * I 2 ~ 3 X ~ 3 E 2 0 ~ 1 0 / ~ ~  
LINES=LINES+9 
IPGN=IPGN+l 




GO TO 350 
3 4 1  WRITE(6t3016)  ONCN 
3016 FORMAT(///lOX*THE DYNAMIC NOISE MATRIX 15 A DIAGONAL MATRIX WHERE 
5THE DIAGONAL I S  COMPUTED FROM THE FOLLOWING C O N S T A N T ~ * / ~ ~ X * X * ~ ~ X I  
I F  (LINESeLTmMAX-6) GO TO 340 
340 IF( IDNF*GT*O)  GO TO 3 4 1  




WRITE(6r1000)  IPROBvIPGN 
LINES=10 
351 WRITE(6r3017)  
3017 FORMAT(///lOX*ACTUAL UNMORELLED ACCELERATION (ACTUAL DYNAMIC NOISE 
350 IF(L1NESeLTeMAX-9 I GO TO 3 5 1  
8)*/ /74X*X*24X*Y*24X*Z*) 
IF(FhTMeLEeTTIM1) GO TO 353 



























GO TO 360 
WRITE(6tSO18) TRTMBPTTIM~~(UNMAC 
WRITE(6t3018) TTIMlrFNTM ~ ( U N M A C  
LINES=LINES+B 
GO TO 360 
WRITE(6v3018) TRTMBtFNTM ,(UNMAC 
LINES=LINES+7 





WRITE(6r3019) ( ( M N N A ~ E ( I r J ) r J = 1 ~ 3 ) , M N C N ( I ) r I = l r l 2 )  
LINES=LINES+16 





FORMAT(///lOX*MEASUREMENT NOISE WAS CONSTANT*/12(15X3AlO~E20*10/) )  
FORMAT(// /~OX*MEASUREMENT NOISE WAS COMPUTED INTERNALLY*) 
IF (LINESoLTaMAX-17) GO TO 371 
 LINES=^ 0 
IF(IAMNF.GT.0) GO TO 372 
WRITE(6r3021) 
FORMAT(///lOX*THE UNCERTAINTIES IN THE ACTUAL MEASUREMENT NOISE WE 
%RE ASSUMED TO BE THE SAME AS*/lOX*THE UNCERTAINTIES IN THE MEASURE 
BMENT NOISE OF THE MOST RECENT NOMINAL*) 
LINES=LINES+5 
GO TO 380 
WRITL(6r3022) ((MNNAME(I,J)~J=lr3)~AVARM(I)~I~lrl2) 









WRITE(6r3023) I , U ~ , V ~ , W ~ ~ J I U ~ ~ V ~ , W ~ , K I U ~ , V ~ , W ~  
FORMAT(///lOX*DIRECTION COSINES FOR THREE STAR PLANET ANGLES*/ 
LINES=LINES+8 





FORMAT(///8X*STATISTICAL DATA FOR SIMULATION MODE*/) 
LINES=LINES+5 
DO 391 I=ltNDIM 
WRITE (6~3025) ~ C M P N M ~ I A U G ~ I ~ ~ X B ~ I ~ , Z I ~ I ~ ~ I ~ l ~ N D I M ~  




3025 FORMAT(///lOX*INITIAL STATE VECTOR*//33X*NOMINAL*l4X*ACTUAL*/ 





IF(LINES.LT.MAX-NDIM-7) GO T O  400 
400 WRITt(6~3026) ( C M P N M ( I A U G ~ I ) ~ X F ( I ) , X F ~ ( I ) P . Z ( I ) ~ I = I , N D I M ~  
3026 FORMAT(///lOX*FINAL STATE VECTOR*//29X*ORIGINAL NOMINAL*EX*MOST RE 
SCENT N O M I N A L * B X * A C T U A L * / ~ ~ ( ~ ~ X ~ A ~ O P ~ E ~ O ~ ~ O / ) )  
LINES=LINES+NDIM+7 
IF(LINES.LT*MAX-NDIM-7) GO TO 410 
IPGN=IPGh+l 
WR1TE(6~1000) IPROBvIPGN 
L I NES= 10 
410 WKITE(6r3031) ( E D E V X ( I ) ~ A D E V X ( I ) ~ I = I r N D I M )  
3031 FORMAT(///1OX*DEVIATION OF THE STATE VECTOR FROM THE MOST RECENT N 





L I NES=10 
411 DO 412 I=lvNDIM 
AODI(I)=ADEVX(I)-EDEVX(I) 
ADON(I)=XF~(I)-XF(I)+ADEVX(I) 
IF(L1NESeLTeMAX-NDIM-7) GO TO 411 
412 EDON(I)=XFl(I)-XF(I)+EDEVX(I) 
WRITt(6~3032) ( E D O N ( I ) t A D O N ( I ) t I = l , N D I M )  
3032 FORMAT(///~OX*DEVIATION OF STATE VECTOR FROM ORIGINAL NOMINAL AT 




L I NE S=10 
IF (LINESeLTeNAX-NDIM-6) GO TO 413 
413 WKITt(6~3033) (AODI(I)PI=~~NDIM) 















FORMAT(///lOX*INITIAL COVARIANCE MATRIX*/) 
LINES=LINES+S 
DO 423 I=lvNDIM 









IF(NDIMeEQe6) GO TO 422 
FORMAT(lSX6E18rS) 






3030 FORNAT(///lOX*FINAL COVARIANCE MATRIX*/) 
LINES=LINES+S 
DO 433 I=lvNDIM 






431 I F ( N D I M I E Q ~ ~ )  GO TO 432 





C THIS STATE TRANSITION MATRIX MODULE CHECKS THE CODE TERMINE 
C hOW THE STM ARE T O  BE COMPUTED 
C 1 = PATCHED CONIC 
C 2 = VIRTUAL MASS 
















C O M M O N ~ B L K / T r P M A S S ~ l l ~ ~ C N ~ 8 O ~ ~ S ~ ~ 5 O ~ ~ E M N ~ l ~ ~ ~ S M ~ R ~ l 8 ~  
COMMON /BLK~RADIUS(ll)rRMASS(ll~rNO(ll~vELMNT(80~ rSPHERE(ll)rXP(6) 
COMMON~CONST3/DELXArDELYAIDELZAIDELXE,DELY~rDELZE~DELXIrDELYI~ 
COMMON/MISC/ACC~IDNF,ICOOR~ITRrIMNFIFACPrFACVrISP2~BIA~l2~~IPGN 
C O M M O N / S T M / P ~ 1 7 r l 7 ~ ~ P S I ~ l 7 ~ l 7 ~ r Q ~ l 7 v l 7 ~ ~ H ~ ~ ~ l 7 ~ ~ R ~ ~ ~ 4 ~ ~ A K ~ l 7 r ~ ~  
C O M M O N / S T V E C / X I ( 1 7 ) r X F ( 1 7 ) r N D I M , I A U G I X B ( 1 7 ~  
COMMON/TRAJCD/NTMCr ISTMC?ISTMl?DTMAXINDACC,ACCND 
C O M M O N / V M / N ~ O D I N B ( ~ ~ ) ~ N T P , A L N G T H ~ T M , D L E T P ~ ~ N P R ~ I P R O B ~ R C ( ~ ) ~ D C ~  
~ R S I ~ 3 ~ ~ V S I ~ 3 ~ ~ D S I ~ I S P H ~ R V S ~ 6 ~ r V M U ~ B ~ B D T ~ ~ O ~ ~ D ~ L T H ~ T I M I N T ~ I N C M T ~  
S I E P H E M ~ I C L ~ I P R I N T ~ R E ( ~ ) P R T P ( ~ ) ~ I C L ~  
BDELZIIDELAXS~DELECC~DELICL~DELMSDELMUP 
B , P B ( 1 7 , 1 7 ) 1 P S I P ( 1 7 r 1 7 ) r H P H R ( 4 r 4 )  
COMMON/TIM/DATEJITRTM~~DELTMIFNTMIUNIVTITRTMB 
DIMENSION RI(6)rRF(6)rRS(J),VS(3)rDUM(6~6)rVEC(6~) 
DO 1 I=lvNDIM 
DO 1 J=lvNDIM 
PSI(I#J)=O* 
IF(ISC.EQ.3) GO TO 30 
IF(DELTM*LE*DTMAX) GO TO 5 
IF(ISTMl.NE*O) GO TO 30 




GO TO 23 
GO TO (lOr20~3O)e ISC 
CALL PCTM(R1) 
GO TO 40 





DO 22 I=lr6 
DO 22 J=lr6 
PSI(IPJ)=DUM(IPJ) 
GO TO 40 
CALL NDTM(RIrRF1 
IF(IAUGeEQe1) GOT0 100 
THSP=6e*(SPHERE(NTP)*A&.NGTH) 
D=DATEJ+TRTMl 
NO ( 1) =NTP 
CALL ORB(NTPtD1 
CALL EPHEM(L~DI~) 
DO 41 1=1v3 
VEC(I)=RI(I)-XP(I)*ALNGTH 
POSS=SQBT(VEC(l )*VEC(l )+VEC(2)*VEC(2)+VEC(3)*VEC(3))  
GO TO ~100~50r60r50r70~50~60r50~80~70r60~~ JAUG 
DO 51 I=7vNDIM 
PSI(IrI)=lr 
GO TO 100 
CALL MUND(RI?RFvPOSS) 
GO TO 50 
70 IF(POSS.LEsTHSP) CALL PLND(RItRF1 
GO TO 50 
GO T O  70 
GO T O  50 
END 














1 0  
11 
12 





SUBROUTINE QUASI (R I ,TEVNIRI~ )  
T H I S  ROUTINE CONTAINS THE L O G I C  FOR THE QUASI-LINEAR F ILTERING 
EVENT I N  THE SIMULATION MODE OF THE STEAP PROGRAM 
ARGUMENTS ARE DEFINED BELOW 
R I  _- POSITION AND VELOCITY ON ORIGINAL NOMINAL TRAJECTORY 
AT TIME TEVN 
TEVN -- TRAJECTORY TIME O F  QUASI-LINEAR FILTERING EVENT 
R I l  -- POSITION AND VELOCITY ON MOST RECENT NOMINAL 
TRAJECTORY 
C O M M O N / C O N S T / ~ M E G A I E P S ~ N S T , S A L ( ~ ) , S L A T ( ~ ) ~ ~ L O N ( ~ ) ~ D N C N ( ~ ) ~ M N C N ( ~ ~ )  
COMMON /CONST2/U1tU2tU3rV l rV2rV3 ,WlrW2,W3rFOP~FOV 
COMMON / E V E N T / N E V t T E V ~ 5 0 ~ r I E V N T ~ 5 O ~ ~ I H Y P l ~ I E I G ~ T P T 2 ~ 2 0 ~ ~  
BICDT3~20~~NPt~NGE~IPOLIIIPOLrICDQ3~2O~~SIGRES~SIGPRO~SIGALP~SIGBET 
B ~ N E V ~ V N E V ~ , N ~ V ~ ~ N E V Y , N Q E  
COMMON/MISC/ACC~IDNF,fCOORIITR,IMNFIFACP~F~CV~ISP2~BIA~l2~~IPGN 
COMMON /NAME/MDNM(4t2),EVNM(4),MNNAME(l2,3)rCMPNM(l l , l7)  
COMMON / S l M ~ / X I 1 ~ 1 ~ ~ r X F 1 ~ 1 7 ~ ~ ~ D E V X ~ l 7 ~ ~ E D E ~ X ~ l 7 ~ ~ W ~ l 7 ~ ~ 2 ~ 1 7 ~ ~  
COMMON /SIM2/hBl(ll)tACC1~N~ODl 
COMMON / S T M / P ~ 1 ~ ~ 1 ~ ~ r P S I ~ 1 7 t 1 7 ~ r Q ( 1 7 , 1 ~ ~ ~ H ~ ~ ~ l ~ ~ ~ R ~ 4 ~ 4 ~ ~ A K ~ l 7 ~ 4 ~  
B,PB(17r17)rPSIP(17,17)~HPHR(4,4) 
COMMON / S T V E C / X I ( 1 7 ) , X F ( 1 7 ) , N O I M t I A U G I X B ( l 7 )  
COMMOh /TZM/DATEJ~THTMl tDELTM~FNTMtUNIVTITRTMB 
COMMON/TRAJCD/NTMC~ISTMC,ISTMlrDTMltDTMAX~NDACC~ACCND 
COMMON/~RJ/ISOI1~ISOI2,ISOI3rICA1,ICAl~ICA2~ICA~~RCAl~6~rRCA2~6~~ 
BANOIS(17)  pRES(4) vEY(4 )  vAY(4 )  r A R ( 4 1 4 )  r Z I ( l 7 )  vADEVXB(17) 
~ H C A 3 ~ 6 ~ ~ R S O I 1 ~ 3 ~ ~ R S O I 2 ~ 3 ~ ~ R S O I 3 ~ 3 ~ ~ V S O I l ~ 3 ~ ~ V S O I 2 ~ 3 ~ ~ V S O ~ 3 ~ 3 ~ ~  
B T C A l r T C A 2 ~ T C A 3 ~ T S O I l ~ T S O I 2 ~ T S O I ~ ~ ~ S I l ~ B S I 2 ~ B S I 3 ~ B D ~ S I l e B D T S I 2 ~  
~ B R T S I 3 ~~DRSIl~BD~SI2tEDRSI3 
COMMON/VM/NBOU,NB(ll)rNTP,ALNGTH,TM,DELTP,INPR,IPROB,RC(6),DC, 
~ H S I ~ 3 ~ r V S 1 ~ 3 ~ ~ D S I ~ I S ~ H ~ R V S ~ 6 ~ ~ V M U ~ B ~ B D T t E D ~ ~ D E L T H ~ T I M I N T ~ I N C M T ~  
B I E P H E M ~ I C L ~ I P R I N T V R E ( ~ ~ P R T P ( ~ ) ~ I C L ~  
DIMENSION Rl(4),RI1(6),RF(6)rRF1(6),RI2(6),RF2(6)rDUM(l7) 




DO 1 0  I = 1 # 6  
X F ( I ) = R F ( I )  
DO 11 I = l p N D I M  
X F l (  I )=XF (1) 
DO 12 I = l r 6  
H F l ( I ) = R F ( I )  
GO TO 30 
C A L L  N T M ( R I ~ V R F ~ ~ N T M C P ~ )  
DO 21 I = l r 6  
X F l ( I ) = R F l ( I )  
CALL P S I M ( R I l v R F 1 r I S T M C )  
NQE=NQE+l 
C A L L  DYNO(0) 
CALL N A V N ( l r 1 )  
DO 4 0  I = l t N D I M  
00 40 J Z I v N D I M  
HHO(JeI)=RHO(T,J) 
DO 50 I=1,6 
R I 2 ( I ) = X X l ( I ) + A D E V X ( I )  

















DO3 51 I = 1 ~ 6  
Z(I)=RF2(1) 
WRITE(6r3000) ( M D N M ( I T R P K ) ~ K = ~ ~ ~ ) P T E V N ~ I P R O B P I P G N  
WHITE(6r3001) 
LINES= 12 




UO 35 I=lrNDIM 
IPGN=IPGN+1 
WRITE16~3000) ( M O N M ( I T R P K ) P K = ~ P ~ ) ~ T E V N V I P R O ~ ~ ~ I P G N  
IPGN=IPGN+~ 
IF (LINESeLT.MAX-4) GO TO 31 
 LINES=^ 









WRITE (6~3014) (O(IPI)PI=~~NOIM) 
LINES=LINEs+8 
IPGNZI PGN+ 1 
WR1TE(6~3000) ( M D N M ( I T R ~ K ) r K = 1 ~ 2 ) r T E V N ~ I P R O B , I P G N  
L I NES=9 
WRITE(6r3005) TEVNrTRT'M1 
LINES=LINES+S 
DO 38 I=l,NDIM 
IF (LINES.LTeKAX-8) GO T O  34 
IF (LINES+LT*MAX-9) GO TO 35 
IF (LINESeLTeVAX-4) GO TO 36 
IPGN=IPGN+~ 
WRITE(6r3000) (MDNM(ITR~K)PK=~~~)~TEVN, IPROB, IPROBPIPGN 
LINES=g 





fF(L1hESeLTeMAX-9) GO TO 41 
IPGN=IPGN+l 
WRITE(6r3000) ( M D N M ( I T R I K ) ~ K = ~ ~ ~ ) ~ T E V N I I P R O B P I P G N  
LINES9 
WRITE(6r3006) TEVN 
DO 44 I=lrNI)IM 
IPGN=IPGN+l 
WRITE(6r3000) ( M D N M ( I T R ~ K ) P K = ~ P ~ ) ~ T E V N , I P R O B I I P G N  
IF(NDIMeEQ.6) GO TO 43 




















IF (LINESeLTeMAX-NDIM-5) GO TO 53 
IPGN=IPGN+1 




DO 60 1=1t6 
DO 70 I=lpNDIM 
DO 70 J=ltNDIM 
DUM( I )=DUM( I ) *PSI (P tJ ) *EDEVXLJ)  
DO 71 I=l,NDIM 
EDEVX(I)=DUM(I) 
IF (LINESrLTeVAX-NDIM-7) GO TO 72 
IPGN=IPGN+l 
WRITE(6v3000) ( M D N M ( I T R ~ K ) V K = ~ P ~ ) ~ T E V N I I P R O B , I P G N  
LINESZg 
WRITE(6p3010) ( E D E V X I I ) P A D E V X ( I ) ~ I = ~ ~ N D I M )  
LINES=LINES+NDIM+7 
DO 83 I = 1 ~ 6  
XFl(I)=XFl(T)+EDEVX(I) 
DO 80 I=lrNDIW 
XIl(I)=XFl(I) 
DO 90 I=lt6 
ADEVX( I )=ADEVX( I ) -EDEVX( I )  
EOEVX(I)=Oe 
IF (LINESeLTeMAX-NDIM-5) GO TO 81 
IPGN=IPGk+1 




IF(LINESeLT.MAXa5-NDIM) GO TO 82 
IPGN=IPGN+l 
WRITE(6~300f.l) ( M D N M ( I T R I K ) ~ K = ~ ~ ~ ) ~ T E V N I I P R O B , I P G N  




FORMAT(1H1//BX2A10*--QUASILINEAR FILTERING EVENT AT TRAJECTORY TIM 
ADEvX(I)=Z(I)+W(I)-XFI(I) 
DUM ( 1) =O * 
XI(I)=XF(I) 
 LINES=^ 
BE *F12.3* DAYS*/gOX*PROBLEM* ,*I~OV~X*PAGE* .*18///1Xtl30(1H*)/) 
FORMAT(///BX*STATE VECTOR*//22X*ORIGINAL NOMINAL*7X*MOST RECENT NO 
$MINAL*13X*ACTUAL*) 
3002 F O R M A T ~ 8 X ~ A 1 O ~ E 2 0 ~ ~ 0 ~ 5 X t E 2 O ~ l O t ~ X , E 2 0 . 1 0 ~  
3003 FORMAT(///8X*DIAGONAL OF DYNAMIC NOISE MATRIX*/) 
3004 FORMAT(///BX*STATE TRANSITION MATRIX RELATING THE STATE VECTOR AT 
BTJME *F8*3* DAYS TO THAT AT TIME *F8.3* DAYS*!) 
3005 FORMAT(///BX*COVARIANCE MATHIX AT TIME O F  QUASI-LINEAR FILTERING E 
W E N T  -- P(*F8r3*n*F8.3*)*/) 
3006 FORMAT(///8X*CORRELATION COEFFICIENT MATRIX AT TIME *F8e3* DAYS*/) 
3008 FORMAT(///BX*ACTUAL DYNAMIC NOISE*//(8XE20*10)) 
3010 FORMAT(///8X*DEVIATION IN THE STATE VECTOR FROM THE MOST RECENT NO 
BMINAL T R A J E C T O R Y * / / 1 5 X * E S T I M A T E D * l 3 X * A C T U A L ~ / ( 8 X 2 E 2 0 ~ 1 0 ~ ~  
3011 FORMAT(///8X*STATE VECTOR OF NEW NOMINAL TRAJECTORY*//(BXE20.10)) 






C THIS FUNCTION GENERATES RANDOM VARIABLES FROM A NORMAL 
C DISTRIBUTION kITH MEAN ZERO AND STANDARD DEVIATION SIGMA. 
DATA NX/O/ 







NX = 2 
3 vlw= cw+ww 
YY= YY+YY 
zz= ZZ+ZZ 
Y 1  =YY-9999997. 
Z1 =22-9999971. 
W 1  ZWW-9699691. 
IF(Y1)20r20~10 
10 YY = Y1 
20 IF (Z1) 4 0 ~ 4 0 ~ 3 0  
30 ZZ=21 
40 IF(W1) 60~60r50 











SUBROUTINE S C ~ E D ( T ~ ~ T ~ P M M C O D E )  
COMMON /MEAS/ TMN(1000)~MCODE(1000) rNNN,MCNTR 
5 IF(MCNTH-NMN1 1 0 ~ 1 0 ~ 3 0  
10 UO 15 M=MCNTR*NMN 
I F ( T l - T M N ( M ) )  2 0 ~ 2 0 ~ 1 5  
15 CONTINUE 
20 TEZTMN (Vi) 




SUBROUTINE SPACE (L INES)  
THIS SUBROUTINE COUNTS THE NUMBER OF LINES BEING PRINTED TO 
DETERMINE WHEN TO SKIP TO THE NEXT PAGE WITH A NEW HEADING. 
COMMON /COM/V(16 ,7 ) ,F (44 ,4 ) ,P I ,RAD 
COMMON /COM/TTRAT,KOUNT,INCMNT,INCPR,INC~IP~ 
COMMON/COM/NBODYI INBODYI IPRT(~ )  
COMMON/COM/KLIIPGILINCT~LINPGE 
C O M M O N / B L K / T ~ P M A S S ( 1 1 ) , C N ( 8 O ~ ~ S ~ ( 5 O ~ ~ E M N ~ l ~ ~ ~ S M J R ~ l 8 ~  
COMMON / B L K / R A O I U S ~ ~ ~ ~ I R M A S S ~ ~ ~ ~ ~ N O ~ ~ ~ ~ ~ ~ L M N T ~ ~ O ~ ~ S P H ~ R E ~ ~ ~ ~ ~ X P ~ ~ ~  




I F  (LINPGE.LT*(LINCT+LINES)) C A L L  NEWPGE 
424 
S U B R O U T I N E  STAPARL(AL~ALONIALATIPAT~,VEC,PA)  
C 
C THIS S U B R O U T I N E  C O M P U T E S  T h E  P A R T I A L  O E R I V A T I O V E S  F O R  S T A T I O N  




$ R S I ( f ) ~ V S I ( 3 ) ~ D S I ~ I S P H ~ R V S ( 6 ) r V M U I B , B D T ~ B D R ~ D E L T H ~ T I M I N T , I N C M T ~  
~ I E P H E M ~ I C L ~ I P R I N T I R E ( ~ ) , R T P ( ~ ) , ~ C L ~  
D I M E N S I O N  V E C ( 6 ) t P A ( 6 , 3 )  
G l = S I N ( A L A T )  
G 2 = C O S ( A L A T )  
G 3 = S I N ( P A T 2 )  
G 4 = C O S ( P A T 2 )  
G S = S I N ( E P S )  
G G = C O S ( E P S )  
P A ( l r l ) = - G 2 * G 4  
P A ( l r 2 ) = A L * G l * G 4  
P A ( 1 , 3 ) = A L * G 2 * G 3  
P A ( ~ P ~ ) = - ( G ~ * G ~ + G ~ * G ~ * G ~ )  
P A ( ~ P ~ ) = A L * G ~ * G ~ * G ~ - A L * G ~ * G ~  
P A ( ~ P ~ ) = - A L * G ~ * G ~ * G ~  
P A ( ~ P ~ ) = G ~ * G ~ * G ~ - G ~ * G ~  
PA(3?2)=-(AL*G5*Gl*G3+AL*G6*G2) 
P A ( 3 @ 3 ) = A L * G 5 * G 2 * G 4  
O M E G Z O M E G A I T M  
P A ( 4 r l ) = O M E G  * G 2 * G 3  
P A ( 4 , 2 ) = ( - O M E G  ) * A L * G l * G 3  
P A ( 4 t 3 ) r O M E G  * G 2 * G & * A L  
P A ( 5 @ 1 ) = ( - O M E G  ) * G 2 * G 4 * G 6  
P A ( 5 , 2 ) = O M E G  * G 6 * G l * G Y * A L  
P A ( 5 , 3 I = O M E G  * A L * G 6 * G 2 * G 3  
P A ( 6 , 1 ) = O M E G  * G 5 * G 2 * G 4  
P A ( 6 r 2 ) = ( - O M E G  ) * A L * G 5 * G l * G 4  
P A ( 6 , 3 ) = ( - 0 M E G  ) * A L * G 5 * G 2 * G 3  




























THIS SUBROUTINE CHOOSES BETWEEN TWO OPTIONS. 
(11 CONVERTS FORM CALENDAR OATE TO JULIAN DATE, EPOCH 
JAN. 0, 1900, OR 
CALENDAR DATE? DEPENDING ON THE VARIABLE ICODE. 
1CODEeEQ.O OPTION 1 
1CODEeNE.O OPTION 2 
DAY - FLOATING POINT JULIAN DATE, EPOCH JAN. 0, 1900 
(2) CONVERTS FROM JULIAN DATE, EPOCH JAN. 0, 1900~ TO 












I DAY =IJ+2-153*IX)/5 
IF(IX-10)20~30~30 
MO = x x+3 
TYR =100*IT+IV 
GO TO 40 
MO =1x-9 
IYR =100*IT+IV+1 
R=24 * *R 
IHR =13 
R=60e*(RoFLOAT(IHR)) 
MIN = R 
H=60.*(R0FLOAT(MIN)) 
SEC = R 
RE TUR PJ 
IFtMO-2)60~60r70 
IP=MO + 9 
IQZIYR - 1 
GO TO 80 
IP=MO - 3 
IQZIYR 





























3 0 1  
3 0 2  
THIS SUBKOUTINE COMPUTES THE MEASUREMENT MATRIX H FOR AUGMENTED 
AND NON-AUGMENTED STATES@ THE ARGUMENTS ARE 
HECV -- HELIOCENTRIC ECLIPTIC COORDINATES OF VEHICLE 
I T R K  -- CODE T O  DETERMINE WHICH TRACKING MODEL WILL BE USED 
OUTPUT QUANTITIES ARE 
H -- MEASUREMENT MATRIX 
NH -- NUMbER OF ROW5 I N  H 
NO (1 1 =4 
C A L L  O R B ( ~ P D )  
C A L L  EPHEM(1,Dtl) 
DO 300 I = 1 @ 3  
HECE(I+J)=XP(I+3)*ALNGTH/TM 
NO ( 1 1 =NTP 
C A L L  ORB(NTP@D) 
C A L L  E P H E M ( ~ F D P ~ )  
DO 3 0 1  I = l r 3  
HECP(I+3)=XP(I+3)*ALNGTH/TM 
T=DATEJ'18262*5+TRTMl+DELTM 




DO 2 I=1~4 
DO 2 J = d i ~ l 7  
H(IrJ) = 0.0 
GO TO ( 3 , 1 1 3 r J r 4 r 4 , 5 , 5 r 6 ? 7 ) r I T R K  
2 CONTINUE 
1 DO 100 f N = l r 6  
1 0 0  VEC(1N) = HECW(1N) - HECEl IN)  
R1= SORT(VEC(1)*VEC(l) + VEC(2)*VEC(E) + VEC(3)*VEC(3)) 
HRATE =(VEC( l ) *VEC(4)  + VEC(Z)*WEC(5) + VEC(3)*VEC(6)) /R1 
IF(IOBSeEQa0) GO TO 400 





GO TO 200 
401 VECTOR(l)=RRATE 
NR= 1 
GO TO 200 
400 A1 = VEC(1) /H1 
A 2  = VEC(2) /R1 
A3 = VEC(3) /H1 
R2=Rl*Rl 
61 = VEC(rl)/Rl- (VEC(l)*RRATE)/R2 
82 = VEC(5)/R1- (VEC(E)*RRATE)/R2 
U3 = VEC(G)/Rl- (VEC(3)*RRATE)/R2 
GO TO (15r25)vITHK 
15 H ( 1 ~ 1 )  = 81 
H(lr2) = 82 
H ( 1 ~ 3 )  = 83 
H(lr4) = A1 
H(lv5) = A2 
H(1~6) = A3 
NR = 1 
GO TO 200 
25 H(1v1) = A1 
H(lr2) = A2 
H(lr3) = A3 
H(2e1) = B1 
H(2r2) = 82 
H(2r3) = 83 
H(2t4) = A1 
H(2r5) = A2 
H(2t61 = A3 
NR = 2 
GO TO 200 
3 f A = 1  
GO TO 12 
4 I A = 2  
GO TO 12 
5 I A = 3  
12 AL = SAL(1A) + RAOIUS(4)*ALNGTH 
ALON = SLON(1A) 




13 PAT1 = AL*COS(ALAT) 
PAT2 = ALON + OMEGA *(T-UNIVT) 
CP=COS(PATEl 
SP=SIN(PAT2) 
GECS(1) = PATl*CP 
GECS(2) = PATl*SP 
GECS(3) = AL*SIN(ALAT) 
GECS(4) = (-OMEGA)*PAT1*SP/TM 
GECS(5) = OMEGA*PATl*CP/TM 
IF(IOBS.N~.~) GO TO 13 
GECS(6) = 0 .0  
CE=COS(EPS) 
SE=SIN(EPS) 
GELS(1) = GECS(1) 
GELS(2) = GECS(E)*CE + GECS(3)*SE 
GELS(3) = (-GEC5(2))*SE + GEcS(S)*CE 
GELS(4) = GECS(4) 
GELS(5) = GECS(S)*CE 
42 9 
GELS(6)=-GECS(S)*SE 
00 30 I = 1 ~ 6  
VEC(1) = HECV(1) - HECE(1) - GELS(I) 
R1= SQRT(VEC(l)*VEC(l) + VEC(2)*VEC(2) + VEC(3)*VEC(3)) 
KRATE = (VEC(l)*VEC(4) + VEC(2)*VEC(5) + VEC(3)*VEC(6)) /R1 
VECTOR(l)=Rl 
30 CONTlNUE 
IF(IOBS*EQeO) GO TO 402 
IF(ITRK/2*2rNE.ITHK) GO TO 403 
VECTOR(2)=RRATE 
NR=2 
GO TO 200 
NR=1 
GO TO 200 
402 A1 = VEC(l)/Rl 
A2 VEC(E)/Rl 
A 3  = VEC(3)/Rl 
HP=Rl*Rl 
HI. = VEC(4)/Rl- (VEC(l)*HRATE)/R2 
132 = VEC(S)/Rl- (VEC(2)*RRATE)/R2 
83 = VEC(6)/R1- (VEC(J)*RRATE)/H2 
35 H(101) = 81 
H ( 1 ~ 2 )  = 82 
H(1,3) Z I33 
H ( 1 ~ 4 )  = A1 
H(lt5) = A2 
H(lr6) = A3 
IF(1THK-4) 5 0 ~ 5 0 ~ 5 5  
55 IF(1AUG-6) 6 0 ~ 6 1 ~ 6 0  
403 VECTOR(l)=RHATE 
60 IF(ITRK/~*~~EQIITRK) GO TO 40 
NR = 1 
GO TO 200 
El=PA(I~l)*Bl + PA(2,1)*82 + PA(3*1)*83 + 
E2 = PA(lt2)*81 + PA[2@2)*82 + PA(3*2)*83 + 
E3 = PA(1~3)*61 + PA(2r31*82 t PA(3~3)*03 + 
61 CALL STAPARL(ALPALONPALATPPAT~,VECPPA) 
*(PA(4rl)*VEC(1) + PA(S@l)*VEC(E) + PA(6@1)* VEC(3))/Rl 
*(PA(4t2)*VEC(lI + PA(5,2)*VEC(2) + PA(6*2)*VEC(3))/Rl 
*(PA(4r3)*VEC(l) + P A ( ~ P ~ ) * V E C ( ~ )  + P A ( ~ P ~ ) * V E C ( ~ ) ) / R ~  
IF(ITRK*GEo 7 )  GO TO 62 
IF(ITRK.LE.4) GO TO 53 
H(lt10) = El 
H(1~11) = E2 
H(1~121=E3 




GO TO 60 
50 GO TO (60 ~ 6 0  P 52~60,61,61 t61 ,eot 52,611, IAUG 
52 H(l*&) = 1.0 
ti0 TO 60 
53 H(1,7)=El 
H (1 e 8 )  =E2 
IFtIAUG .EQ* 8 )  GO TO 54 
IF(1AUG ~ E Q I  11) GO TO 56 
GO TO 60 










GO TO 200 




GO TO 82 
81 Sll= (Ul/RHO - (VEC(l)*COALl)/RH02)/SIALl 
s12= (Vl/RHO - (VEC(2)*COALl)/RH02)/SIALl 
S13= (Wl/RHO . (VEC(3)*COALl)/RH02)/SIALl 
43 1 
432 
H ( ~ P ~ ~ ) = ( - S ~ ~ * D E L X I - S ~ ~ * D E L Y I - S ~ ~ * D E L Z I ) / ~ E L I C L  
H(2*13)=(-S21*DELXA-S22*DELYA-S23*DELZA)/DELAXS 





GO TO 200 
93 H ( 1 ~ 1 4 )  Z 1.0 
H ( 2 t 1 5 )  = 1.0 
H ( J t l 4 )  = 1.0 
GO TO 200 
7 DO 1 0 1  I = 1 ~ 6  
VEC(I) = HECP(1) - HECV(I) 
1 0 1  CONTINUE 
RH = SQRT(VEC( l )*VEC( l )  + VEC(2)*VEC(2) + VEC(3)*VEC(3)) 
RH2=HH*RH 
RADNTP=KAOIUS(NTP)*ALNGTH 
TF(IOBSIEQ*O) GO TO 102 
VECTOH(1)=2r*ASIN(RADNTP/RH) 
GO T O  200 
A D 1  = (2.0 * RADNTP *VEC(l))/DENOM 
1 
b 102  DENOM = RH2* SQRT(HH2 - RADNTP*RADNT 1 
AD2 = (2.0 * RADNTP *VEC(2))/DENOM 
AD3 = (2.0 * RAUNTP *UEC(S))/DENOM 
H ( l c 1 )  = A D 1  
H ( l t 2 )  = AD2 
H ( l v 5 )  = AD3 
NR=1 
GO T 0 ~ ~ 0 U ~ ~ ~ 0 ~ ~ 0 0 ~ ~ 0 3 r l ~ ~ t ~ 0 0 ~ 2 0 0 ~ 1 0 5 ~ 1 0 6 c 1 0 7 ~ 1 0 8 ~ ~ 1 A U G  
GO T O  200 
104 H(lr7)=(-AD1*DELXA-AD2*DELYA-A03*DELZA)/DELAXS 
H ( ~ P ~ ~ ) = ( - A D ~ * D E L X E - A ~ ~ * D E L Y E - A D ~ * D E L Z E ) / D E L E C C  
H ( ~ P ~ ) = ( - A D ~ * D E L X I - A ~ ~ * D E L Y I - A D ~ * D E L Z I ) / D E L I C L  
103 H ( 1 ~ 1 2 )  = 1.0 
GO TO 200 
105 H ( l t 1 5 )  = 1.0 
GO T O  200 
H(lrlO)=(-AD1*DELXE*AD2*DELYE--AD3*DELZE)/OELECC 
H(l~ll)=(-AD~*DELXI-AD2*DELYI--AD3*DELZI)/DELICL 
GO TO 200 
H(l r l3 )=( -AD1*DELXA-AD2*DELYA-ADJ*DEL~A) /D€LAXS 
H(l~l4)=~-AD1*DELXE-AD2*DELYE-ADJ*DELZE~/~~LECC 
H(lrl5)=(-ADl*DELXI-AD2*DELYI-AD3*DELZI)/DELICL 
GO TO 200 
106 H ( ~ P ~ ) = ( - A D ~ * G E L X A - A D ~ * D E L Y A = - A D ~ * D E L Z A ) / D E L A X S  
107 H ( l r 1 2 )  = 1.0 




SUBROUTINE T R A N S ( I C O D E I X , Y I Z I V X , V Y I V Z I X E , Y E ~ Z E I V X E I V Y E I V z E ~ E P s I  
5lCODE2) 
C 
C I F  THE POSITION OF THE SPACECRAFT I S  I N  GEOCENTRIC EQUATORIAL 
C COORUIkATES T h I S  SUBHOUT%NE CONVERTS TO 
C 1) GEOCENTHIC ECLIPTIC RECTANGULAR COORDINATES 
C 2) HELIOCENTRIC ECLIPTIC RECTANGULAR COORDINATES 
C THE VARIABLE ICOOE DETERMINES WHICH OF THE ABOVE OPTIONS WILL BE 
C EXERCISED BY 
C ICODE = 1 -- OPTION 11 
C ICODE = 2 -- OPTION 2) 
C SUBROUTINE ARGUMENTS ARE DISCUSSED ‘ I N  THE FOLLOWING TABLE 
C X -- X COMPONENT OF THE SPACECRAFT I N  GEO-EQUATORIAL 
C Y -- Y COMPONENT OF THE SPACECRAFT I N  GEO-EQUATORIAL 
C Z -- L COMPONENT OF THE SPACECRAFT I N  GEO-EQUATORIAL 
C V X  -0 X VELOCITY COMPONENT O F  THE SPACECRAFT I N  GEO-EQUAT. 
C V Y  -- Y VELOCITY COMPONENT O F  THE SPACECRAFT, I N  GEO-EQUAT. 
C VZ -- Z VELOCITY COMPONENT O F  THE SPACECRAFT I N  GEO-EQUAT. 
C XE -- X COMPOHENT THE EARTH I N  HELIO-ECLIPTIC 
C ZE -- Z COMPQNENT OF THE EARTH I N  HELIO-ECLIPTIC 
C VXE -- X VELOCITY COMPONENT OF THE EARTH I N  HELIO-ECLIPTIC 
C VYE -- Y VELOCITY COMPONENT OF THE EARTH I N  HELIO-ECLIPTIC 
C VZE -- Z VELOCITY COMPONENT OF THE EARTH IN HELIO-ECLIPTIC 
C EPS -- OBLIQUITY OF THE EARTH 
C 
C NOTE -- I F  THE POSITION OF THE SPACECRAFT I S  I N  GEOCENTRIC 
C ECLIPTIC COORDINATES AND THE USER WISHES TO RETURN HELIOCENTRIC 
C ECLIPTIC COOROINATESi SET THE ARGUMENT 
C IC,OI)E2 = 2 
C ANY OTHER VALUE FOR THIS VARIABLE WILL ALLOIN THE PROGRAM TO ASSUME 
C THE COORUINATES ARE I N  GEOCENTRIC EQUATIORIAL 
C 
C THE fJEh COORDINATES OF THE SPACECRAFT ARE THEN RETURNED I N  THE 
C LOCATIONS XPYIZIVXIVYIVZ 
C 
C 
C NECESSARY ONLY I F  OPTION 2 I S  SPECIFIED. I F  OPTION 1 I S  
C YE -- Y COMP+ENT THE EARTH IN HELIO-ECLIPTIC 
C NOTE -- THE HELIOCENTRIC ECLIPTIC COORDINATES OF THE EARTH ARE 
C INDICATED ZEROS SHOULD BE USED I N  THE C A L L  STATEMENT FOR 
C THE LAST S I X  VARIABLES I N  THE ARGUMENT L I S T  AS THEY WILL BE 
C IGNORED -- HOkEVERv I T  I S  NECESSARY TO F I L L  THESE LOCATIONS SO 
C THAT THE PROPER NUMBER OF ARGUMENTS WILL APPEAR. 
C 




















SUBROUTINL VAWADA (HI~XSIPIXSIVITEVNITSIIADAI 
C 
THIS  SUEIHOUTIRE CALCLJLATES THE ADA M A T R I X  WHICH ARISES FROM 
VARIATIONS I N  8 DOT TI B DOT RI AND THE TIME AT WHICH THE SPHERE 
OF INFLUENCE IS ENCOUNTERED FROM VARIATIONS I N  THE I N I T I A L  
CONDITIONS OF THE STATE VECTOR. 





7 0  




C O M M O N / ~ L K / T I P M A S S ( ~ ~ ) , C N ( ~ O ~ ~ S ~ ~ ~ O ~ ~ E M N ~ ~ ~ ~ I S M J R ~ ~ ~ ~  
COMMON / O L K / H A D I U S ~ ~ ~ ~ ~ R M A S S ~ ~ ~ ~ I N O ~ ~ ~ ~ ~ E ~ ~ ~ T ~ ~ O ~ ~ S P H ~ R E ~ ~ ~ ~ I X P ~ ~ ~  
C O M M ~ ~ / M I S C / A C C ~ I D N F , I C O O R , I T R ~ I M N F , F A C P I F A C V ~ I S P ~ ~ B I A ~ ~ ~ ~ I I P G N  
COMMOtdTIM /DATEJITHTM~PDELTMIFNTMIUNIVTITRTMB 
C O M M O N / T R A J C U / N T M C ~ I S T M C ~ I S T M l ~ D T M A X , N D A C C ~ A C C N D  
C O M M O N / V ~ / N B O U , N B ( ~ ~ ) ~ N T P , A L N G T H I T M I D E L T P , I N P R I I P R O ~ ~ R C ( ~ ) ~ D C I  
B H S I ( ~ ~ I V S I ~ ~ ) ~ D S I I I S P H I R V S ( ~ ) ~ V M U ~ ~ I B D T ~ ~ ~ R ~ D E L T H I T I M I N T I I N C M T ~  
B I E P H E W ~ I C L I I P R I N T P R ~ ( ~ ) , R T P ( ~ ) , I C L ~  
DIMENSION A D A ( ~ ~ ~ ) ~ X C ( ~ ) I R I ( ~ ) ~ X S I P ( ~ ) I X S I V ( ~ ) , R F ( ~ ) I R S I ~ ( ~ ) I  




T S I l Z T S I  
D S I  1=us1 




I P H  I N T = 1  
N= 1 
5 00 1 0  I=1,6 
1 0  X C ( I ) = R I ( I )  
2 0  XC(N)=XC(N)+FACP 
1SPH=0 
15 I F ( N - 4 )  2 0 1 3 0 1 3 0  
GO TO 40 
3 0  XC(N)=XC(N)+FACV 
40 OELTMzFNTM-TEVN 
CALL NTM(XCvRFvNTMCI-1) 
k R I T E ( 6 1 1 0 0 0 )  
I F ( I S P H e N E e 0 )  GO TO 50 
1000 FORMAT(///8X*VEHICLE D I D  NOT REACH SPHERE OF INFLUENCE I N  NUMERICA 
BL DIFFERENCING TO DETERMINE BOT, BDRI TSI VARIATIONS*/BX*RETURNING 
B TO BASIC CYCLE*///) 
GO TO 1 0 0  
T S I  =DSI-OATEJ 
I F ( N - 4 ) 6 0 1 7 0 1 7 0  
ADA(2rN)=(BDR-BDHl)/FACP 
ADA(3tN)=(TSI-TSIl)/FACP 







1F(N-6) 5r 5r90 





















1000 FORMAT(// / lX, l30(1H*)/ /8X*NOTE"*/ /8X*VEHICLE D I D  NOT REACH SPHERE 
BOF INFLUENCE I N  NUMERICAL DIFFERENCING TO DETERMINE BDTvBDRvTSIt 
BVARIATIONS*/8X*RETURNING TO BASIC CYCLE*/ / / lX, l30(1H*))  






GO TO 100 





IF(NoLEo6) GO TO 20 
















C COMPUTES THE SPACECRAFT FINAL POSITION ON THE ORBIT TO ACCURATELY 
C APPROXIMATE THE DESIRED TIME INTERVAL AND THEN COMPUTES THE CONIC 
C SECTION TIME OF FLIGHT. 
C 
C THIS SUBROUTI~E CALCULATES THE VECTOR ORBITAL ELEMENTS K P  E, 
440 






















3 0 1  
3 0 2  





C TRAJECTORY ANALYSIS, THE V. M. POSITIONI MAGNITUDE, VELOCITYI AND 
C MAGNITUDE RATE ARE CALCULATE0 USING FORMULAS (11-3) I N  
C 
C NOVAK, D e  He -VIRTUAL MASS TECHNIQUE FOR COMPUTING SPACE 
C TRAJECTORIES-* F I N A L  REPORT, CONTRACT NO. NAS 9-4370, 
C ER 14045,  MARTIN, BALTIMORE DIV IS ION,  JANUARY, 1966. PG. 8. 
C 




C THIS SUBROUTIKE DETERMINES THE VIRTUAL MASS DATA NEEDED IN THE 
COMMON / C O M / V ( 1 6 t 7 ) , F ( 4 4 t 4 ) ( P I , R A D  
COMMON / C O M / I T R A T ~ K O U N T I I N C M N T I I N C P R ~ I N C ~ I ~ R  
COMMON/CON/NBOD~I~NBODY~IPRT(4) 
COMMON/COM/KL~IPGPLINCT~LINPGE 
COMMON/BLK/TIPMASS(~~) r C N ( 8 0 )  r S T ( 5 0 l  rEMh(1S) ISMJR( 18) 
COMMON / B L K / R A D I U S ~ 1 1 ~ ~ R M A S S ~ l l ~ ~ N O ~ l l ~ ~ E L M N T ~ 8 O ~ ~ S P H E R E ~ l l ~ ~ X P ~ 6 ~  
COMMON /PRT/MONTH(12)vPLANET(ll) 
C VIRTUAL MASS POSITION AND MAGNITUDE 
V ( 1 2 ~ 5 ) = O e  
DO 2 0 1  I = l r N f 3 0 D Y ~ 4  
I P 2 =  P +2 
00 200 J = l r 3  
F ( I P ~ P ~ ) = S Q R T ( F ( I P ~ ~ ~ ) * F ( I P ~ ~ ~ ) + F ( I P ~ ~ ~ ) ~ F ( I P ~ ~ ~ ) + F ( I P ~ I ~ ) *  
F(I+3,4)=F(I$4)/(F(PP2~4)*F(IP2r4)*F(IP2,4)) 
DO 203 J = 1 ~ 3  
J P  1= J+ 1 
V ( 6 r J P l ) = O *  
DO 202 1=1*NBODY#4 
V(6rJPl)=V(61JPl)/V(12#5) 
V ~ ~ ~ ~ ~ ~ ~ S Q R T ~ V ~ ~ ~ ~ ~ ~ * V ~ ~ O ~ ~ ~ ~ V ~ ~ O ~ ~ ~ ~ V ~ ~ O ~ ~ ~ + V ~ ~ O ~ ~ ~ * V ~ ~ O I ~ ~ ~  
V ( 6 ~ 1 ) = V ( 1 0 ~ 1 ) * V ( 1 0 ~ l ~ * V ( l O ~ l ) * ~ ~ l 2 1 5 )  
200 F ( I P 2 r J ) = V ( 2 , J + l ) - F ( I , J )  
l F ( I P 2 r 3 ) )  
2 0 1  V(l2,5)=V(12,5)+F(I+3~4) 
2 0 2  V ( ~ I J P ~ ) = V ( ~ ~ J P ~ ) + F ( I + ~ ~ ~ ) * F ( I , J )  
2 0 3  V ( ~ O V J P ~ ) = V ( ~ P J P ~ ) - V ( ~ , J P ~ )  
c VIRTUAL MASS VELOCITY AND MAGNITUDE RATE 
V ( 1 2 ~ 6 ) = 0 .  




DO 3 0 0  J = l r 3  
300 F ( I P ~ ~ J ) = V ( ~ P J + ~ ) - F ( I P L , J )  
F ~ I P ~ ~ ~ ~ ~ ~ ~ * ~ F ~ I P ~ ~ ~ ~ * F ~ I P ~ ~ ~ ~ + F ~ I P ~ , ~ ) * F ~ I P ~ ~ ~ ~ + ~ ~ I P ~ ~ ~ ~ * F ~ I P ~ I ~ ~  
V ( 1 2 r 6 ) = V ( 1 2 r 6 ) - F ( I P l r 4 ) * F ( I P 3 r 4 )  






























































SUBROUTINE V M P ( R S P A C C P D ~ P T R T M P D E L T M ~ R S F , I S P ~ )  
THIS SUBROUTINE IS RESPONSIBLE FOR GENERATING A VIRTUAL MASS 
TRAJECTORY. 
INPUT ARGUMEhTS 
RS -- I N I T ~ A L  POSITION AND VELOCITY OF VEHICLE 
ACC -- ACCURACY FIGURE WHICH DETERMINES TRUE ANOMALY 
D 1  -- JULIAN DATE OF I N I T I A L  TRAJECTORY TIME 
THTM -- I N I T I A L  TRAJECTORY TIME 
DELTM -- NUMBER OF DAYS THE INTEGRATION I s  TO CONTINUE 
UNLESS ISP2 I S  NOT ZERO 
ISP2 -- IhfEGRATION CODE 
=a THE INTEGRATION I S  TO CONTINUE UNTIL A 
eGT.0 
INCREMENT 
STOPPING CONDITION OCCURS 
THE INTEGRATION WILL STOP 'UPON ENCOUNTERING 
THE SPHERE OF INFLUENCE OF THE PLANET 
SPECIFIED BY ISP2 
OUTPUT ARGUMENT 
















-I vs I 
*- 0s I 
ISPH -- 
NUMBER OF BODIES TO BE CONSIDERED I N  ANALYSIS 
ARRAY OF CODES OF BODIES TO BE CONSIDERED 
CODE NUMBER OF TARGET PLANET 
LENGTH UNITS PER A.U. 
TIME UNITS PER D A Y  
PRINT INCREMENT ( I N  DAYS) 
PRINT INCREMENT (INCREMENTS) 
INTEGER PROBLEM IDENTIFICATION 
POSITION AND VELOCITY OF VEHICLE AT CLOSEST 
APPROACH TO TARGET PLANET 
TIME OF CLOSEST APPROACH 
POSITION OF VEHICLE AT SPHERE OF INFLUENCE O F  
TARGET PLANET 
VELOCITY OF VEHICLE AT SPHERE O F  INFLUENCE OF 
TARGET PLANET 
DATE AT SPHERE OF INFLUENCE OF TARGET PLANET 
SPHERE O F  INFLUENCE CODE 
=O VEHICLE DID NOT REACH SPHERE OF INFLUENCE 
=1 VEHICLE DID REACH SPHERE OF INFLUENCE 
POSITION AND VELOCITY O F  VEHICLE RELATIVE TO 
VIRTUAL MASS AT I N I T I A L  TIME 
POSITION AND VELOCITY OF EARTH AT FINAL TIME 
POSITION AND VELOCITY OF TARGET PLANET AT FINAL 
TIME 
€3 (CALCULATED AT SPHERE OF INFLUENCE) 
B DOT T (CALCULATED AT SPHERE OF INFLUENCE) 
POSITION AND VELOCITY OF VIRTUAL MASS AT I N I T I A L  
TIME 
MAGNITUDE OF VIRTUAL MASS 
B DOT R (CALCULATED AT SPHERE OF INFLUENCE) 
445 
C DELTH -0 INC TS OF TRUE A Y 
C BY 
C TIMINT -0 TOTAL CP TIME USED IN TRAJE 
C TNCMNT -- TOTAL INCREMENTS USED IN TR 
C (SHOULD BE INITIALIZED TO 2 
C 
C 
C O M M O N / V M / N B O O ~ N B ~ ~ ~ ~ P N T P ~ A L N G T H ~ T M ~ D E L T P ~ I N P R ~ I P R O ~ V R C ~ ~ ~ ~ D C ~  
(3)rVSI(3)rDSIrISPHrRVS(6)rVMUrB~BOTrBDRrDE~THrTIMINT~INCM~~ 
B ~ E P H E M ~ I C L ~ I P H I N T I R E ( ~ ) ~ R T P ( ~ ) ~ I C L ~  
DIMENSION RS(6)rRSF(6) 
COMMON /COM/V(16r7)rF(44r4)rPIvRAD 
COMMON / C O M / I T R A T ~ K O U N T t I N C M N T ~ I N C P R ~ I N C ~ I ~ R  
COMMON/COM/NBODYIrNBODY~IPRT(4) 
C O M M O N / B L K / T ~ P M A S S ~ ~ ~ ~ ~ C N ~ B O ) , S T ~ ~ O ~ ~ E M N ~ ~ ~ ~ P S M J R ~ ~ ~ ~  



















DO 15 I=lrNBODYI 
INCMNT=INCMT 
CALL INPU~Z(RS~NTPIIPHINT~ 
00 6 I=lrNBOOYI 




2 IF(IEPHEMaEQ.0) GO TO 8 
6 CALL ORB(JIV(YP~)) 
8 CALL EPHEM(OrV(4rl)rNBODYI) 
3 CALL VMASS 
IF(ITRATeEQ*l)GO TO 4 
IF(ITRAf*EQ*2) GO TO 7 
c INITIALIZATION OF VIRTUAL MASS-DEPENDENT VALUES 
V(7r7) = V(6r1) 






DC=V ( 3 ~ 1 )  
DO 601 I=lr3 
RC(I)=F(NTPI,I)*V(lr6) 
IF(1CLeNEaO) GO TO 700 










GO TO 9 
4 ITHAT=2 
C VIRTUAL MASS AVERAGE MAGNITUDE AND VELOCITY 
IF (IPRINTeNE.0) KOUNT=O 
5 V(7,7)=.5*V(5,1)+.5*V(6,1) 
DO 390 J2214 
V ( ~ O I J + ~ ) = ( V ( ~ , J ) - V ( ~ , J ) ) / V ( ~ , ~ )  
390 V(llrJ)=V(3rJ)-V(101J+3) 
9 CALL VECTOR 
IF(K0UNT eLTe 0) GO TO 996 
IF(1TRAT .EQo 1) GO TO 2 
IF(ITRATeEQ.2) GO TO 3 
C VIRTUAL MASS AVERAGE ACCELERATIONS 
7 V ( 8 1 6 ) = ( V ( 6 , 1 ) - V ( 5 r l ) - V 1 7 , 1 ) * V ( 7 , 6 ) ) / W ( 8 ~ 5 )  
340 V(10,J+3)=(V(6 ,J ) -V(5 ,J ) -V(7rJ )cV[7r6) ) /V(a#5)  
DO 340 J=2~4 
RCM2=F (NTP I 9 4 1 
IF(1SPH-1) 389~395~389 
389 IF(ISPH1.NE.O) GO TO 3890 











TTG = PMASS(NTP)*V(6t5) 
CALL ACTB(RSI ,VSI ITTGPB,BDT,BDR)  
IF(IPRINTaEQe0) GO TO 392 
KOUNT=O 
GO TO 393 
392 RCM=RCM2*V(lr4) 
V C M ~ S Q R T ~ F ~ N T P I + 1 ~ ~ ~ * F [ N T P I + l ~ l ~ + F ~ N T P I + l ~ 2 ~ * F ~ N T P I + l ~ 2 ~ + F ~ N T P I + 1 ~  
3890 IF(SPHERE(NTP).LT,RCM2) GO TO 395 
391 VSI(I)=F(NTPI+lrI)*V(4#7) 
8 3 ) * F ( N T P I + 1 ~ 3 ) ) * V ( 4 1 7 )  
D=DS1+2415020. 
WRITE(6r7000) PLANET(NTP)eD ,RSI,RCMtVSItVCM,B,BDT,BDR 
7000 FORMAT(lHl/////////* SPACECRAFT PIERCED SPHERE OF INFLUENCE OF * 
BAlO* AT DATE* o e r*F17o8//10X*POSITION~ e e a 0*4€20.11/ 
447 
fblOX*VELOCITY* e*YE20*11//10X*B * * * E ~ O + ~ ~ V ~ X V * B * T  o 




J J= J J+1 
OELR=SPHERE(NTPl*V(lv6)-RCM 
PF(D~LR*DELR-4.*(V(1~6)/149598500*))3894v3894,3892 
3892 D E L T ~ R C M * D E L R / ~ R S I ~ 1 ~ * V S I ~ l ~ + R S I ~ 2 ~ * V S I ~ 2 ~ + R S I ~ 3 ~ * V S I ~ 3 ~ ~  
DSI=DSZ+DELT/V(lr5) 





IF(IPRINT.NEo0) GO TO 394 
D=DSI+2415020* 
WRIT€(6~7002) PLANET(NTP)*D vRSIVRCMIVSI~VCMVBVBDTVBDR 
7002 FORMAT(////////////* INTERPOLATED INFORMATION AT SPHERE OF INFLU 
BENCE*// 
!+l * SPACECRAFT PIERCED SPHERE OF INFLUENCE OF * 
BAlO* AT DATE9 r*F17*8//10X*POSITION* * * **4E20*11/ 
slOX*VELOCITY* I) .*4E20rll//lOX*B *E20e11~5X~*BeT e e 
5 9 *E20.11~5X~*BeR e *E2O*ll) 
394 IF(ISP2.NE.O) GO TO 995 
395 IF 4 ICL-1) 396r 400 P 396 
396 IF (RCM2eLEoRCMl) GO TO 400 




DC=V ( 4 ~ 1 )  
IF(IPRINT.EQ.0) GO TO 398 
KOUNTZO 
GO TO 399 
V C M ~ ~ Q R T ~ F ~ N T P I + ~ ~ ~ ~ * F ~ N T P I + ~ V ~ ~ + F ~ N T P I + ~ V ~ ~ * F ~ N T P I + ~ ~ ~ ~ + F ~ N T P I + ~ V  




WRITE(6*7001) PLANET(NTP)vD v ( R C ( I ) ~ I = ~ ? ~ ) V R C M V ( R C ( I ) , I = ~ V ~ ) ~ V C M  
7001 FORMAT(////////////* SPACECRAFT REACHED POINT OF CLOSEST APPROAC 
5H OF *AlQ* AT DATE. e .*Fl7*8//10X*POSITION* e **4E20rll/ 
BlOX*VELOCITY* * **4E20*ll) 
C TEST FOR STOPPING CONDITIONS 
399 IF(ICL2rNE.O) GO TO 995 
-400 RCMlZRCM2 
I F ( V ( ~ I ~ ) . G T . V ( ~ P ~ ) + ~ . E - ~ )  GO TO 401 
IF(IPRINToNE*O) GO TO 995 
DZV ( 4 ~  1) 
CALL TIME [DvIYRvIMOIIDAYVIHRIMINVSECV~) 
IN0 = MONTH(IM0) 
CALL SPACE (4) 
WRITE ( ~ v ~ ~ O O ) I M O I I D A Y V I H R ~ M I N V ~ E C V I Y R V D  
O=D+24150200 
4000 FORMAT(//JX*CALENDAR DATE =*A10*13*~*13* H R v * I ~ *  MINt* F7*3* SECV* 
BI5/3X*JULIAN DATE =*Fl7*8//53H STOPPING CONOITION--EXCEEDED MAXIMU 
BM TRAJECTORY TIME) 
GO TO 995 
401 00 403 J=~vNBODYI 
448 
IP=NO (J) 
IF(F(4*J-le4)*GT*RADIUS(IP)) GO TO 403 
IF(IPRINT*NEeO) GO TO 995 
U=V ( 4 r  1) 
CALL TIME ( D ~ I Y R P I N O I I D A Y ~ I H R ~ M I N I S E C ~ ~ )  
IMO = MOhTH(Iful0) 
CALL SPACE ( 5 1 
WRITE ( ~ ~ ~ ~ ~ O ) I M O I I D A Y I I H R ~ M I N ~ ~ E C , I Y R I D  vPLANET(IP) 
D=O+2415020* 
4010 FORMAT(//3X*CALENDAR DATE =*AlOpI3*~*13* HR**13* MINI* F7*3* SECP* 
sI5/3X*JULIAN RATE =*F17.8// * STOPPING CONDITION--IMPACTED * 
SA10 1 
GO TO 995 
403 CONTINUE 
IF(K0UNT *EQ* 0 )  GO TO 11 
KOUNT = 0 
10 CALL PRINT 
IF(K0UNT eLT. 0) GO TO 12 
11 CALL ESTMT(D~IDELTMPTRTM) 












00 42 I = 1 ~ 3  
RE(I)=F(JPI)*V(~~~) 
JzNTPI-2 
DO 45 I=lr3 
RTP(I)=F(JPI)*V(~P~) 
42 RE(I+3)=F(J+l,I)*V(4r7) 
45 R T P ( I + 3 ) = F ( J + l r I ) * V ( 4 , 7 )  
IF(ICL.NE.0) GO TO 35 
DC=V ( 4 ~ 1 )  
DO 32 I=1,3 
RC(I)=F(NTPIPI)*V(~P~) 
32 R C ( I + ~ ) = F ( N T P I + ~ V I ~ * V ( Y , ~ )  
35 IF(IPRINTeEQ.0) GO TO 10 
12 CALL CPWMS(TIM2) 
TIMIN = TIM2 - TIM1 
WRITE(6p4011) TIMIN 
IF(IPRINT.NE*O) GO TO 50 







V I I I .  E W P L E  RUNS 
This chapter  presents  sample runs f o r  t he  var ious opera t iona l  
modes of STEAP. The tes t  cases  as shown on the  following pa 
are no t  complete runs .  Each e p l e  run was terminated a f t e  
few seconds of computer t i m e .  t h i s  manner, t y p i c a l  output from 
each mode of operat ion can be presented. 
The f i r s t  problem shows t y p i c a l  output from t h e  t r a j e c t o r y  mode 
of STEM. The t a r g e t i n g  mode p r in tou t  i s  shown i n  problem 2 .  The 
t h i r d  and fou r th  problems represent  t y p i c a l  computer p r in tou t  from 
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I N P U T  D A T A  P R O B L E M . . . . 2  
WMERICAL ?lFFFRENClNG DROCFOURE 
L I E  A Y Y 2 TRAJECTnRI TRAJECTORY TRAJFCTORY TARGET TARGET TARGET TIHF TOTAL NO 
V T T  c n n 0 4.1 R.R 15.1 U.T/TNCL 8 . 9 / R r 9  TSl/TCn PFR CP CF 
E F F  c n 0 n OR OR Cv R lNTFG TIHF INqFG 
L D D  Y T T T INCL RCA TCA STATE TRANSITTON MATRIX (SFC) fSFC1 I W R  
TARGFTTNG ANT' CONSTRIJCTION OF SDHFRF-OF-INFLUFNCE STATF TRANSITION MATRIX 
1 n 0 5.OOF-04 34.396676 12.51U9U6 6.164171 -160137.77 122307.69 27072.R27 5074.64 6070.76 27n72.34P 5.R6 6.1 253 
1 1 1 5.00E-04 34.3U6hq4 12.5189U6 6.164171 -159992.04 121656.42 27072.822 -1.25E-07 5.7lF-n7 -7.92E-02 
1 0 7 5.00E-04 34.3q6674 12.51R9U6 6.1641Z41 -160646.14 121R83.85 27072.UZ4 7.48F-0R -8.35E-07 1.17E-01 
. 1 n z 5.00~-04 34.36674 12.510996 6.166171 -160751.07 122573.4u 27072.829 -1.47~-n7 ~.nh~-n9 -6.88E-03 
I 1 n +.oO=-nS 34.342614 12.bon43u 6.216606 -20272.15 144999.45 27077.464 5112.11 6945.~6 97077.274 5.07 20.7 298 
1 1 ? 5.oo~-n*  34.342014 12.~0044q 6.216696 -20382.10 140259.00 27077.466 -1.76~-n? 7.nhe-n9 -5.55~03 
1 1 3 5.noE-04 34.742614 12.40n43u 6.216704 -20186.61 144574.29 27077.461 -5.60F-nR -u.~9~-n7 1.19~-01 
I 1 1 5.00E-04 34.342674 12.490436 6.216694 '20132.54 14R326.10 27077.450 -7.?3F-OR 5079Pn7 -7.74E-02 
1 7 n 5.00~-04 34.758797 12.602152 6 . 1 0 5 4 6 ~  10751.43 744.36 27072.307 5099.17 59?9.7c 77n72.256 6.m 53.0 271 
1 2 1 5.005-04 34.958797 12.402152 6 . 1 0 5 ~ ~  ioo17.1i 92.12 27072.303 -1.58F-OR 4.2W-n7 -7.34E-02 
I 2 ? S.00E-04 34.358787 12.692162 6. lQ546U 10631.04 994.84 27072.30U -1.74F-07 -3.?7E-09 -*.WE-03 
1 2 7 5.00s-94 34.758787 12.602152 6.10547~ 10~51.45 377.37 ?7n?2.706 -U.I~F-IIU -7.0~-07 i.i3~-nl 
1 3 n 5 . 0 0 ~ - 0 4  34.765217 12.443463 6.lR5Rt5 4867.09 6621.97 77077.754 ~9u.uo C970.70 27n77.26n 6.2~ 70.1 271 
1 3 1 5.00~-04 3 6 . 3 k 5 2 7 3  12.403463 6.1U5R75 5031.79 5972.44 27077.250 - I . ~ ~ F - o R  4.25~-n? -7.34~-02 
1 7 7 5.OOF-04 34.3615213 12*407473 6'1U5475 47'44.13 61380.81 27077.256 '1*70E'07 '5.92E'OQ 'h.lOE'03 
1 3 7 5.00F-04 34.965213 12.403463 6.185R75 4066.08 6718.22 27077.252 -7.78F-OR -7.125-07 1.14E-01 
1 4 0 9.00F-04 34.364914 12.6933U7 4.116244 5016.49 6968.35 27072.260 509U.90 6930.74 27072.250 6.77 104.7 271 
TARGFTING T O  SW4EHF-r)F-INFLUENrF CONOITIONS 
2 n n Z.50E-05 34.364914 12.4933~7 6.19624~ 122071.78 -187536.25 27n71.75~ 4897,% huh7.20 27072,430 73.00 I Z L . ~  1035 
3 n n 5.00~-06 34.362hnZ 12.504870 6.1025P7 24737.47 -R840.80 27077.152 4047.03 6U95.41 77072.2R? 50.51 174.7 2193 
3 1 n 5,00~-n6 34.3ho2.14 12.50~034 fi.19704~ R416.10 3707.69 27077.250 4950.82 6R96.20 27072.300 50.54 220.7  2193 
3 7 n 5 . 0 0 ~ - 0 6  34.3586% 12.5n8351 6.2nO676 5686.19 6744.80 27n77.296 4952.16 6906.57 27n72.301 50.53 270.4 2193 
3 7 n 5 . 0 0 ~ 4  34.358536 12.50~440 6.2110861 5067.57 6829.07 27071.300 4952.34 6~96.64 27072.301 50.57 730.0 2193 
3 4 0 5.00F-06 34.3585461 12.5nC557 6.200455 4962.15 6893.56 27072.301 4957.75 hU96.64 27072.301 50.57 3nl.n 2193 
COh~STRIICTInhl OF CLOSFST-APPROACH STATE TRPNSITION MATRIX 
I n n 5.00~-04 34.364914 12.193387 b.l~6?4u 37.05 4~37.46 27074.501 3U.m 4un0.00 77076.50n 9.2~ w n . 1  402 
1 n 1 9.00E-04 34.364915 12.603387 6.1Q6268 36.74 9R62.01 P7074.5UO 6.16E-86 9.31E-08 -1.17F-02 
I n 2 5 . 0 0 E - 0 4  34.364014 12.6033UU 6.lU624U 37.21 4898.07 77074.501 2.34F-05 -l.OlE-O9 -1.56F-02 
1 n 7 5.00~-04 34.364'474 12.4033~7 6.la6740 36.~1 41360.75 ~7074.501 ?.75~:-nh -1.m5-n7 4 . ~ 5 ~ 4 3  
TARGFTING TO CLOSE~T-APPAOICH flNnlTlOh6 
1 n n s.n0~-n6 34.358545 12.5nR457 6.2nOU65 37.02 4817.05 27074.cion 38.00 r8no.no 77074.500 78.33 406.5 3399 
1 1 n 5.00F-06 34.358566 12.SOR475 6.2nou62 38.11 4146.91 27071.500 3u.00 4900.00 27076.500 78.31 570.0 3398 





















w w  
# - I -  
C D  

















































































> A m 0  
z e 
a 0 1 0 0  
a n i  
N Z  



























v, 6n a 
























































> + o  
( T W O  w o o  coo > Z O M  
0 
t *  
z m  
P 
P 














































a w C 
0 
T 

















o o o o o o o o o o a  
r. I-rcre e 0 0  0 mcr e 
o c o o c  o c  o c a 0  
..**-..I*.. 
m m m  
>> >> >> t > > >> a a a a a a a a a a a  
trswww w w w w w w w  > >>>>>>>>>>' 
w w w w  w w w w u w w  
00000000000 
*I- et +I-** *+I- 
00 0 0 
0 0 0 0  
mVItPlJ-* 
... 0 
W W W W  
Z T Z ' E  
ttee 
o c c c  








































0 0 0 0 0  
ootnoo 





















. *  



























> - 0 . .  















z 0 u 0 
CI 0 

























I - 0  
r +  
W 
U O  
v o  
2 0  
4 0  
w o  
a c  
a o  
a o  
> o  
0 9 . * * * *  














a 0  t a  
a (L' 
Z N  
. C R I * n I  
o.rto.4 
f t 8 8  
W L U L L  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
m m m m  
0 . 0 .  
toluvIc 
0 6 0  
I t #  
1 L W  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
3 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
m m m  
... . 
N a Q  
e t  I 
Lri L lb 
OOEl 
0 0 0  
0 0 0  
0 0 0  
00 0 
0 0 0  
0 0 0  
0 0 0  
O Q O  
0 0 0  
0 0 0  
0 0 0  
0 . 0  
r n d M  
U- Q 
00 
I t  
lbw 
G O  
00 
0 0  
0 0  
0 0  
0 0  
00  
0 0  




0 .  
&#-I 
O W N  
0 0 0  
+ I t  w w w  
0 0 0  
0 0 0  




m o o  
0 0 0  
0 0 ,  d m m  
N R 11 
z 
0 d N r n  
* . e *  
4 0 0 0  v z z z  
0 
J Z Z Z  
0 0 0  





u a e a  
a m m t n  
464 
c 













0 a a 
M. > 
U c 
m o r - I  





N . e o ? - 0  0 0 0 0  + + + +  
0 G ' W W W  a S ' N l c F  
E - - i P m 9  
0 eo001 
u CF@- 
I N C M W O  > N d O O .  
9t-OLT 
m N J m  
I t  
x v) o a  
.e.. 
n 










( J w  
t c  
a @  















r 3 ?  
a a  
n o  z z  
(J w 
- 1 3  








. e  
u ? v )  
+ F  
a a  










a x r  
t t  m a  - 9  c el-I- 
W W W W  z z  o o a a  C C J - I
nn 
W W  
>>I-+ 
y - w'rf 
c-cC?)a 
a a m a  
3 - 1 a a  
W W C t  
Z X  
0 0  























































































































O m  
a 






















0 1  ?- 
e 

























z F .  x 8 4  
( I -  















x o  
u t  
+ o  
4 0  z a  
0 
w o  
V I 0  
c o  
0 0  z 0 .  
U . 0  








W a LL 
3 t 
vt 4 
















































































0 -  4 
0 
































































































U * a  
c * 
c 3 m  
H * 
c 3 u 3 
cc 3 m  
C i  3 0  
3 I . o w  
(r: e . +  
)r * . i t  < * d  
c a n !  
Q N  
0 4 N  
0 * r -  
C 4 0  
h t u  * 
0 
9 
t m  
t c  * t 
t L L  w 8 c 
z 3 5  
.C 3 . -  
f- 3 -  o m  
L * o  
c o r -  
c . 
V 3 m  
W 0 t 
-I * 
U 9 a * ( r  
c 3 c  
c 9 W. 
a o r -  * *  
t o m  z * m  
W * c D  > * c 4  
o r -  x W 
o r -  
2 . a -  
* Q  c o  
c I 
V 9 
c * e  W 
Ul c 3 0  
w * I  
U * w  0 
rl. Q N  7 
* ( r  
I * a  V 
I ; P o  l-4 
9 . -  I w * o  cc 
c * m  2 
3 9  2. * . a -  c 
0 
r 
0 9  
VI LL 
CL 0 0 
v) > 4 -i 
a * z z * 0 
a * e .= 
U * c 
c * c 
0 * 
W .o 
- 9  
.o * * 
a o r  
CI 






& I  






o *  L 
0 4 
0 .  I 
a *  
* 
* w * 
x . 6  * 
n.0 0 





7 0  * 
u .  9 
t L  9 
w *  
O J  * t-m 4 o *  * 
,C * u 4 
0 9 w 
p: * 
* * 8 
ul * * a * 
0 9 * 
0 .* 
0 













0 * w 
7 * 
P 0 
I- 8 * c 
t * 






0 4 w 9 * * P * 
a 9 
I 
4 * * w Q 
0 9 * * I 
v) * 
Y * 
v ) I  8 > * 
.J 9 
U * * * * a 
0 * a * 
(Y * 
W 4 * * * 
a I 
m$i x 

































































E Z  
0 0  
ut+ 
m 3  
Q 
w w  
I 
i - W  z 
G -  
23 a c  
J 
- J  
( 3 1 0  
-I& 
0 
- W  
Z X  
i- 
v? 
x u  
I z o c  
c - 0  
3 t n  m n  
nu 
a d  
t-2 inu 
n a  
o w  a 
-I> 
6-r  z 




* n  
UU 
































































































0 .  
0 .  
.I .I 
.I .I  











0 0  
u ) v )  a a  
A - J  
3 . J  w w  n o :  w u  
t > -  
X I  
2 . N  
x x  
D O  
uc . l  
u w  














X t N N  
















A - 1  w w  
w w  
t t  
X I  
a 
U 
a u  
























































4 * * 
9 
* 











































* * * 
9 






























c a e 







t a -> 
w #- z w >' 

































U z > a. VI n 
# 
>. 



















m *  






- 4  
Q 
- 3  





r . 4  
o *  
m 4  
4 
t 














































- 4  
9 * *  
% *  
w 9  
- I *  































































a 8  











































































































m 6  
* e  
G O  * +  
L J W  
+ ? - .  
P - f -  
N 
m m  
. ?  
. .  . .  
.' .! 
.I a: . .  
N N  
2 < >  
V 




































































W > w 
J 
a z z  e0 
m t  
m 3  
Q 





U O  
J 
- J  
0 1 0  
'LL 
a 










x a  
C Y  




a x  
a w  
U Y  
I-_I 
# W  
L2w 
J t  
I 
































































0 1 0 . 0  
II n w 
( U N W  * * .  * * *  
t N N  
* . I  
N H M  
+ + +  
> N N  
x x >  
. . .  
- U I *  
* + +  
N N N  * * *  
x x It 
m m m  
H H d  + + +  
W W W  
& H N  
N N O  
m m  
I n r n N  
.(". 
W Y Y  
J J J  
3 3 - 1  
W W W  
w w w  
* > >  
1 1 1  
a a a  
n a a  














































































































































































































































































































































































































RI * * 
N 
a 



















































.* * * * * 
4 























































r L c t  
U 
m 3  
0 
w w  
I 
I-0 z c- 
23 
J 
- J  
00 
-LL 
0 - w 
2 s  
t 
u) 
X a  
2: z 
G O  
t0 
3>v1 
m a  
U U  
I-2 
u ) W  
a o  
U 
U Y  
a d  
n a  
a w  a 
a m  
- I t  
4 s  r 


























































































r - In5dOrr  






































0 8  
0 9  
w *  
(3' * u *  
* 
* 
r r 9  Q *  




- 4  
. *  
I *  
w *  
J *  
L c *  
0 0  a *  
n t  

































8 * c z * 
w + > 
W 0 
9 
w a u a z 
U a 
8 * 









3 * a 9 




















































































































































0 0 0  

























































































9 * * * * 



























8 * * * 
1 * * 
9 
t 


















9 * * 
9 
4 




































































N * * > 
m 
0 + 












































i o  
9 
+ ( F  
0 0  
4 4  
v) 8 . 
t * - e  
4 + o  


























































a 0 0  I- a ,-& 
W 0 .  c r m-l 0 a I O  
ul 
ul w ULO 
I 00 
0 + +  
a w L' 
W or- m 
(r 9 m  0 w o m  + u 0 b d  u 
-t 2 bln m 
0 w (FN 4 
?- 2 9 m  0 
5 J 9 4  0 
w I& 4r- P > L" m a  -l 
Y a -  m 
X m d  r( 
O I L 8  .t 








0 0 0  
+ + I  w w w  
x o m 5  C F m H  a m m a  e m m o  
a m m e  
IC(04 
r- O N  
2 L O r - N  
O N 0 0  r m  mr- 
I-. .. 
aH4N 












L * * 0 
I- 9 
4: 













t- z 9 
W 4: > * 
W 9 * 
A 
w * 
















-I L a z 8 
* 














































































. * .  
r n d h  
+ + +  
t N N  
x x >  
( T W N  
O C O  
I l l  
w w w  
m \ c R :  
a m t c  
C N ~  . . .  
* . - e  
I 1  
R R i W  * * *  
9 8 9  
x x .> 
. . .  . . .  . *I t' 
.$ .I . . . .  
> N N  













0 . *: . 



































N *  
l c *  
8 
8 
8 * * - *  * 
- 4  
W 8  





A 1  
8 m o  
4 * * * * 
* 
- 0  * 
- 8  
P O  
W *  
- 1 9  
o *  
O T *  


















c 8 * 











a * * 
t 4 
2 
w * > * 
W 
a 8  n +  
m e  
a i 
a 




















































































































































































































































































.* d o  




t *  
= *  
w *  
9 
a *  
0 . 8  
9 
* 
- *  




- *  * * *  x *  
w 4  
J *  m *  o *  
E *  
9 
* * 






c m * * 
* * * 
4 
4 
w r * 
I- * 
4 
I >  a * 
0 4 
I- * 





e * * 
c- 9 z 
W * > 
W * .* 
w * u 9 
2 * 
a 4: * 
* 3 e * 





















a a 9 
* * * 












































































































































































































9 * * 













































0 * * * * 









































































































































































M . . 


















































































0 a a 











































































L n M L f 3  
8 + +  
W U J W  m o o  
u r - r -  
l W I 4 - l  
( U r C I C  
o a o  
* e .  
4 + +  
> N N  
X X t  
+ + +  
n c u w  * * *  * * *  
x x I >  
. . .  . * .  
e . .  
* , .  
e . .  
u w u  
J A A  
A A A  w w w  
w w w  
>- t 
a a a  
a a a  
X ' I X  
t N N  




m o  ln0 
0 0  0 0  * *  * *  
W U  4.d m m  06 e m  m -  
mt- r-lN 
5 0  N m  
9 0  Q ) N  
N N  QQ,  
O b  In* 
* .  m * *  9, StN 
c o  e a  










0 .  
)Le 
J 
u t 0  





9 m c l  0 m o  
* * *  
N w w  
0. N C  
C 
2 
N, c c  m c o  
N 0 in0 NU3 
* I  
rr r r r -  m a  
0 9 d  b m d  
N d5. Cb 5 0  
Q O Q  Inm 
3 m 3  a m  
N e. . *  
3 N  W N-4 




a o m  0 
























c ' c u  z 
a x  e a  
C O  
2 2  
W W  
J- l  
U V  


































a a .I 8 
Q z .. 
W I-I- 
_I w w  a z z  
2 2  
v a a  
0 a n  
.I * I  .I e, 









a - -  
a I - t  
n w w  
2 z z  
w a e  
J J J  
V 
c c  






* W I J  ww 
a n  a m  =re - a a  m o  . a m  
w tt . c t  
U 41 z 00 I-+
4 
-r w w  
LL >>  z nu 
9-4 tt 
a a  
LL JJ 
0 w w  
a x  
W a z t  
w OI- x CCI a I-v 
VI r G  
VIA 
I- o w  
a a >  
0 c c  
I el- u 
> >  
a I-+ 
w w  
(I: 
w Z t  
v) GI- 
0 I-+- 
J t u  
V U G  
u)A 
c o w  a a s  
a w w  
a 4 4  
a -1-1 

























































































































































3 2  
0 
C J U  
W t  
t -4  
3-4 
Q 2  
I O  
O A  
O b  
W In 
Q J  
P U  
W x u  
w.i- 
C J  
f Z  
Q z 
O W  us 
t t  
v)z 
2 2 -  




t w  
*I- 
In 
w m  w m  9 
I 
c - 0  
C‘ 
I 0 
W Q  m w  rs- 
3 3  *I 
v) 




w o  
z n o  z z w  w n  LT 
I 2  II 
c w  4 > w  
w o  I 








a t  
a 4  
CI 
a s  
a m  
a x  
L L Q  2 
c m  3 
-a v) 




















o s m m  
-lo 0 0 
I t e l .  
W W W W  oooa 
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
oooc 
0 0 0 0  
0 0 0 0  
0 0 0 0  







O t  
WAJOJO 
a A N  




























Z S N S N * & C W a x m a C  
C O r 0 ~ 0 . - 0 3 C C 0 0  
0 w w w w w w w w w w w W  
'-10 c c C*GC c c  0 oc c 
~ o c 3 o c o c o c o o o o  
~ 0 0 0 0 0 0 0 0 0 0 0 0  
L O O O O O O O O O O O O  
I000000000000 
I- 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
>oooooooooooo 
m - . . . - . r . - - r .  
Q 0.010 0 1 O , o I r n ~ ~ @ ~  z 
3 L: 0 0  0 
0 z Sfrn'rnl 
UoCoC.* 
3 1 r i i ~ i t t t i f r  
~ o o o o o a o o o o o o  
oooooaoooooo 
r - 5 4 c ;  t 




C n C - I d  
w o o 0  
J I I  8 
G W W W  z o o 0  
00 0 

















































































































* L * * * .  




























0 S * * r n P n :  












































































































































c. N Z  
0 
t 
* a  
i . u  
i 
W O  
C L L  
0 2  u r  
> >  
0 0  
C k  
u v  w w  
3 3  
0 : I Y .  
C t  
a a  






















































> W  
v i z  
J N U  
Q O  w + m  
L T W O  w o o  
I- 00 z 0.4 
- 4 0  
0 
C .  
z m  




w w w u w u w w w w w w w  
0 0 0 0 0 0 0 0 0 0 0 0 0  u u u u V u v v u u u w u  








w w  W 
C G  D 
0 0  0 
u v  0 
U P  P 
0 0  0 
a a  E 
w w  W 











































































































& O C O  





























- 0  
0 
S N  LTNU N ul(\io- 0 e 0. 
0.-+0.-¶0.-¶0"0000 
h l I . L t W L L W L L l L W  
O O O O O O O O G O C  0 
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0  0 
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
o o o c c o o o o o o o  
oooaooooocc o 
0 0 0  0 0 0 0 0 0 0 0  0 
o 3 c 3 o c c c f f c c o  
ootnornocno~cn 
- 8 d N m N 6 N D N N N N  
~ i i r t t i i r i o  
. . . * * * . . . .  
.*.*.I*..*.. 
#-Id& 
0 0 0  
4 4 +  
w w w  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
* r - r  
(D.-¶-- 
m * m  
m*r? 
I 
In. 0 Ln .. 
I It I1 
W W W  
3 2 3  c c c  
c c c  
JJJ 
ncIc 













a $ 0 '  
Y 


























c x  u a 
... 







c W t 























t 8 t l l l  
kb,wwL!ww 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
c o o o o o  
00.0000 









































. t .  
00 CJ 
w m e  
2 0 




0 0 0 0  
t . . .  































- . 4 4  N O  a m  
4 *% 
N N  
0 1 0 1  
N N  
0 1 6  
( 1 1 0  
.-.I.-# 
. .  
e r n  
m c F  
2 2  
4 4  
4 4  
N N  
w w  
C b  
a c ?  
u a  
W 










































a a  u e  
n o  
a a  
z z  
w w  
A d  






0 0  
0 
t -m-.- . -o 
0 0 0 0 0 0  + + + + * +  
w w w w w w  
0 0 0 0 0 0  
0 0 0 0 0 0  
c o o o o o  
_IP-lcCOCaO 
z2,FCe-l- 0 c 0 
t - c P r c l c m * o  
OOOCr)mN(r  
E " d l n * 9  




a m m t n o a w  
...... 
ul 
t t-(D.-l--to a oooooo 
n - I + + + + + +  
a w w w w w u  z 0 0 0 0 0 0  
U O O O O O O  x 0 0 0 0 0 0  
O P - r - 0 0 0 0  












_tFP.j . -rrO 


























































? 11 .. t t  m a .  e1 .I 
W W W W  
WI-JJ-I 
w w  
> > e +  u u w w  
C t ( I ( I  
w w t c  
aK 
0 0  
w w c c  
J J J  




a u e t  
o o a a  Z Z
na 
a a a a  d d
a w l r t t t  





El In > 
P 
































































































































































































O O 0 4 O O  
0 0 0 0 0 0  
* * * I 1  I 
0 .  . * .  0 
IC)#C'NNm 









































$ 0  
N O  
I -  -..... 
v, a3 4 N m  4 































































































































. * * * I *  







5 0  
WI 0 
3 0  
v ) o  
u o  
w o  
E O  
1 0 0 1  
J 
z 
$ - r r  2 1  
a 0  































N O  




















































w 0 0  
vi # *  - w w  
0 0 0  z ot- 
(ON 
t N 9  
2 e e  
W N(F 
0 W b  
1> m N  





3 e- u 
a 
a 
d m  
0 0  




0 ' -  
0 9  
0'9 
a m  m m  
toe 

















































































































































Id 9 > 9 
w 9 
























I& 9 e 
0 4 
5 i. 




































































































































































































































































































































































































































U X Z N X t N  



























































































































































































0 0 0  
& I  I
w w  lb 
e r n *  
m m N  a m 4  
act- 
m o m  
mmln  
G O O  
mm-3 a m 9  
m-4- 
Mi-  ro 


































































































m . . 
.' 
- 1  
. I  
n 















































. I  
9 




















































































o .  
I- 
o r  
z w  
n J  






t m  
* -  a 













































































































































I Z  e0 
Inc 
m 3  
Q 
w w  
I #-a 
2 
Q *  
23 
Q C  
J 
-4 u o  
CIA. 
F3 
- w  
ZI 
t 
' a  
w 
x 4  
P 








m a  
a d  
u a  
a r  
a w  
" Y  
c-l  
v ) W  
0 LL' 
Q 
J >  
5 






















































































































































































J I . . . . .  

















































































































9 * * * 
9 * 
8 * 

































































































l n r -  * 




* I  Q 
In 4 . *  w *  a *  a *  




% * n 
N 
( r N  4 
0 0  * 
t J  * > 
0 * 
* 0 W 7 
a * * m * Q L  
(L * W 
t 0 B 
m 
0 .  4 9 11 I1 I 
t- . 
- 9  - -1 N w 
a r  * * * *  
z w  * * * *  
- 2  4 > - N N  
N C O O  v o  9 - a  o x G O O  o n  8 + * +  
W * J  .-) w w w  
a * w  0 V I O I O ,  a * >  + c m l n  
v) m 4 9 9  
t * u  m 
a 8 5 2  . 
n 8 0 0 N  + + *  * Mv-4 
c 9 VIC t N N  
0 u * x x >  
0 * m 3  
0 * 0 t . - ( e +  
m 9 w w  x 0 0 0  
4 x  * * *  * c(1 r( w w w  
2 ' C  Lp< 0 J * c c  m m m  
J m m m r r  
-LL 0 * * *  
* o  
0 -w W W N  C 
0 Z T  t + * i o  
>- * t * * *  
(r U I&' x x I t  
C 9 V I *  
V 4 T N 0 0 0  
t * z  * * +  
7 9 CCI e W W W  
a 9 +c * L O L n r .  
t MI-. v) N N d  
d 
t - m  o 
* * J  m ? ? ?  * w  
4 23 u ? ? $  
~t a o  tn 
W 4 a0 ?! 
5. 
c t x a  o ~ d r .  
a 0 M U  0 r z I a D L O  
c 4 3v) w n ! ? ?  
t * E m w e  . . -  
m n  cp 
-7 ad  m * l-4 
r g '  
. . a  
. . e  
z 
Li 8 c w  
Q +  > * 
w * - I t  
<I N z 4 5  * 0 . .  
0 
U * o r  t 
I- 4 Z t  
* w  
* I  0 w * t  w 0 0 0  a 9 In l n l n l n  
N U Y -  
G 9 K  * o  
* L L  . J J J  
I 9 r) J J J  
w w w  * a a a  * * w w w  
* N t F t  * * I S X  
W * 




4 W * a3 
0 in t a * 
J * 
13 * fu 
8 
In * * 
* 
1 * * * 
o alrl L 
0 . .  
.-) 0 . .  
O 2 E E  u, -  a  



































I # )  
W W W  
9 9 c  
a9-i 
9 9 N  





a c e  




























































































































0 * . .  3 
w a  
w *  
3 3  
a 3  




t - *  3 
U 3 
U 3 a 3 
I- 3 
3 
3 -  3 
c * 
% N o  2 
% 3 
I - c c  3 u c  3 
r - n  3 
G Q  9 
W * 


























a * a 

















' I  0 























































































u o  
r o  * 
w w  
z o  
G O  
0 
L O  
0 0  
0 
W O  
t - 0  c .-I 0 u 
u 
m o  a 0  
a o  
W > 
2 
w -8N cr& 
8-8 







































0 * * 
I 
0 
* * * 
4 * * 





















































































































W .  
3 
J 









































W 1 c O u I n d 4 0  








































































































































* * * 















































* * * 
3 
3 


































































































































































































































+ a 0  
* o m  













* * * * 
4 
0 









0 * * 
* 
4 * * * * * * * * * * * 
* 








0 * * 

















































































































































































































A A  
A J  
w w  





0 : a  










































a Q O O O O O  
511 
3 e a  
a *  




. t  
0 
- 4  






N 3  
c *  
. t o  
3 
a *  




r 3  
3 
. 3  
7 3  
? J +  
- I 3  
x 3  
G O  













I s 9  
n 3 













































































































































































































































X t N X t h '  







































x u -  u r n  
( I -  














































































































































































































































- 8  
.I 



















































. I  



































































































































1 0  
4 













































































































































































































































J * I * * . *  







































N 8  
1 0  8 






a *  
8 * +  r e  
w +  
3 8  
m 9  















































































4 * + 
9 
9 
r t~ t 
z 
t 
4 8 * w c -i 3 
9 4 



















































l F m m 0 0 0  cn 0 0 0 0 0 0  
u * * + * + +  
n 





















Q 01 0 1 0 1 6  




11 Ii 0 
N N hr * * *  * + *  


























V I m m  
o o c  
0 . .  
m 0 1 0 1  
* * *  
> N N  
x x >  
l P 9 m  


















. . .  
H r t d  




I >  




N IY N 
v * *  * * *  























V I m m  
0 0 0  + * +  
W b L .  * r o o  
N N M  * . D m  
m m m  
























. t .  
0 . .  
r: .. .I 
- 1  .I 0 :  
0 . 0  
. I  . . 
u - . - . l  
n n n  
0 0 0  
v ) v ) v )  a n a  
n n u  
J J J  
J J J  w w Lr 
w w w  
> > >  
X I X  
F N N  
x x >  
a a a  
a n a  
a +  
-It 
r * 
CKW 4 o x  t 
7 c  





































VI w 0 
c w 
0 
a U C  
C a2 
LL m 




























































































































































































































































00 * +  
W W  
I- o m  








c n m o  
a m  * .  
u)O 
0 0  * *  
w w  
F-m m e  
0.9 
P @  N s m  
-In 
a m  
401 
a m  
N.- 
.-(e 
a .  
V I 0  
0 0  * *  
W W  
09 mf- m 4  
Nt-  
> 9 0  
m 9  
5 0  
0 0  
-a 
m d  
8 
m c  
* .  
UIO 
1crc + *  




N m  
x 9 s  
V I 4  
Q)N 
* 4  
tnlc a m  
mid. 
I 
- 0  
c t  
w w  z z  
JJ  
cc 
w w  ea 
et 
0 0  
tt 
w w  >> 
et 




O W  
a%> 
u a  
na 
a a  ca 
I C  











































































0 0  
e 
d 
c n 4  
0 0  + +  
W W  
.-N 
9 r c  
i-0 e€- *- 
P-Y) +In 
N O  m a l  
d U I  
I :  
o m 
0 .  
(he 
0 0  + +  
w w  row 
0 0  
Nu. 
ILN 
I n 9  
Z0-Q d m  
ocm 
m e  
N m  
I.-!& 














O m  
+ 
- *  
6.4 
0 0  
I t  
w w  
9 -  
*I- O m  
* r .  
-QP 
9 4  m 0  
a m  
(CO 
t - m  
B :  
m o  
0 .  
r.0 
0 0  
i t  w w  
.-P 
0 0  
m m  
O N  
Ob 
O f -  
(Fm 
(UP- 
s m  
c 
9 m  




































































































































































































































5 9 0  
0 0 0  * * *  
W W W  
*+Po 
O H M  
O m N  
e o N  
(c N d  
.ON?- 
90111) 
O N J  
-9-4 
.a . .I 
m a s  
8 1 C  
a . c w  
4 
In * 
- 4  






- 9  * 
0 4  
w *  




a +  
a 4  
N 





- 4  
4 
0 4  
7 4  
w *  
- 1 4  
a 4  
0 4  





























0 2  






































0 .' .,*. 
























































































0 * e. 
'c c.c 
I 
l - Q *  
c o o  
1 1 1  
w w w  
* u  b 
*gr 01 m m 3 .  
N W 6  
M l - O .  
Lorno\ 
m e 0 1  
l-I-6 
4 N 6  
H* 6 
€ 1  
































































































































































3 z .* 
ln * c 
X 
P a 
a c o o  z r  I I 
c3ac- 
w w w  
W U l 3 N  
> m m m  
O N N - I  
a 30 I) m e 9  LLm-0 
O m N 9  
03 * 
w . . .  
T d N 9  
-t 
> z 
W d N m  
w 
m s a o  






* * *  
0 3 0  + 2 . N N  
N I n 9 9  




























J J J  
w w w  
w w w  
> > - >  
X > N N  







u a a  
G I I ~  












F - *  
d *  
r . *  * * 
8 * * 
* I  
8 . *  
w *  a *  
* * 
* 
N O  
0 4  




I * * . *  
0 
e *  
5 *  w 4  
A *  














4 + * 
C 









0 > 4 

























13 4 z 
c 9 




a c  a +  
m e  








































































































0 N U  
-60 




6 C C  
H0.N 
-0.4 
I l l  



















































































































a + T e e  a 00 0 
E 1  I I 
w w w  
-4NM 
0 0 0  
I l t  
U W W  
C * U  f - a m  
.-io= 
m e *  
m e 0  
* o m  ) c a l m  
cI-e 
ff. rT P- 
ma03 
JJDC 
l l  






























































































. I  

































































































































9 * * * 
9 * 
0 





8 * * 
8 * * 
5 * * * 




























































u u  
N N  
e r  







































c .. . 
e9.n Gvl e 




n * * 
X 
0 * 





































c * * * 
9 
8 * * * * * * * * * * 
0 * * * * 
8 
8 * 

































































































































































































































4 *+ .+ 




























































































































6 5  h! 
0 0  
N N  
0 0  
J J  
* *  
N N  
x > -  
I - 9  
G O  * *  










I *  
w w  
9 9  
C R :  
d 





















I Z  
W O  




w w  
I 
i-a z 
C U  
23 
J 
- A  
5 0  
-1IL 
0 
- w  
Z T  
t 
m 
X U  
I: z 
t O  
34n 
K J  
C J  
tnw 
U K  
O W  a 
A >  
I 
o r  z c  
C C  
a o  
o n  
m a  
b-lY 
U M  
a r  

































0 0 0  9 
0 
? 




































































J J  
- 1 2  
w w  
K C  w w  
> >  
Y 
n 
Y C I  
n n  
I I  
4 
X > N N  

































C W  
Y O  az 
23 
0 v z  
0 
t u  
W e  
z a  
-a 







K C  
0 
K W  a 1  
































































+ u l  
4 >  
0 0  

















C t  
w w  z z  
A J  
a a  



















0 0  
In0 
0 0  + +  
w w  e+ 
35; 
ECN a?- *++ 
C P Q  
00 
t t  
-_I 
O W  











R 9  * 























































































































































































































































































































































































































































































































































W W  z z  
JJ 
a a  
a a  
I-+ w w  
aff 
c c  
a u  a a  
00 
t C  
W W  > >  
b-c 
J-l 
W W  
Y C  
a a  
a a  
x >  
O C  
C V  u o  
V I J  
O W  a >  










































































































J O  n N 
- ( \ r  
W W  
t C  
09 


























C U  


























* *  
.-I 


















- I 1  
3 c  
t-0 



























w 0 0 0  cn 
3 
m 




















3 0  
z w  
Y O  z o  
0 0  z -  
In 





















3 4  
VIZ 





























C G  + +  







o m  a- 
I P N  
?-a 
-4  
0 .  
a?- 
C C  
. a  * -  * *  
0 I--z >- 
C t  
W u r  
>cu *-; 
t V 1 - 1  
w 













r - r r  
c c  + +  
u o  
c o  
LLi 
F;cu 
F . 0  
r - d  
O O -  
6 0 9  
ff I' 
dCP. o m  


















m - l  
e 0  * *  m o  
00 * +  
w u 
N M  
bro 
m a ,  
30- 
5 m  
r\l %* 
0 , -  --* 
0.0 
r-5 
W I ,  
. I  
m o  
c o  + *  &' w 
4 0  
VtO 
f -N 
o n  
5 N  
el\' 
d N  
















I n 0  
C C  + *  m d  
00 
+ I  
w w  + a  
4 5  
N h  
0.-  
2 2  
N O  
P - 9  
N?- 
L T h  
I I  
. .  
(O- 
C t  
- 3 0  
G O  * *  
! A L L  m m  
r o m  
lr.-+ > Q F, 
c o o  
R R  
crc r- 
er- r- 
0 1  
N 
a m  N 
ar- r- 
e- m 





L T C  
C O  + *  
W U  
rCN 
94 
0 0  
C-m 
N m  
cl-9 
UlX 
C - 0  
N 9  
b-l 






























l 2  
0 c 
ff a a 
a 
0 
t-z> c c  u u u  
>I-U 
Y +. s 





















































































































































0 4  
N 
















































m m  
c c  + *  
w w  
OOC 
0 0  
d 0  
4 m  
I n u J  + 
0‘3 w 
m m  9 
09 0 
9 9  9 






0 0  m * +  
E!: 2 
W L  a 
a 0  
t - m  e m  
*-i 
c3 0 If 
m.-I 
-6 n. 
\ L i p  
4.t c 
99 0 .. c 
Rh‘ c 
ln0 
c 0  + *  
w w  
0 3  
Or- 
0 9  m e  
of- m 
R’ -1 P 









L n o  r- 
oo VI * +  . 
w w  oc 
0 6  
D D r r  
d 0. 
0 m If r r m  
m a  
0 ‘ -  a 
m w  
4 6  I- 
s m  * .  0, 
II 
In ‘0 C n C  






4 u- rn 
.-I 































































































































































w o  
-1* 
w w  z c  a 0  
0 
m o  
2 0  
-0 
I-c 
2 0  
oin a 
C .  
N 
Ir FP- 
Lu 000  
3 1  I I 
c9 w WbJ 
2 c c c  u 0 0 0  
0 0 0  a 000 
2 c o o  
U O O C  
I- 000 z 0 0 0  
C... 




O N 0  
c 00 
+ I +  
W W L L  
IT f- I-, 
U N S m  
3 0 N Q  
C N N d  
00. O N  z m  00 
2. * 
l-brcl-b 
I t  
0 - m  












J N  
U f  
z w  
0 0  
( 5 c  u 0  
- 0  
0 
& E  
I C  
I - c  
C 
L A .  
C r e  
w 
I 3
n w o  
I C  
r PP” 
Id 000 
J I  I 8  
rn w Luw z c c c  
u 000 
0 0 0  e c c 0  z 0 c c  
I O 0 0  
c 0 0 0  
T J C C  
OLnNtc 
C . . .  
n i  
44- 
C O D  
a + *  
w Lr. w 
0 3 0  
0 0 0  
‘C c c 
L C C C  
D O 0 0  
3 0 0 0  
X N  
U N  
c w  a 0  x o  
0 
J C  
2 0  
0 0  u o  
- 0  
a i  
at+ o 
a 0  






X N  
r t  
a w  
I - 0  
4 0  
7 . 0  
0 
L ’ X O  
m c  
- 0  
0 0  
2 0  
0 
U .  






I- +r  
2 I-0 
> P- mm 
I- 000 
c t t  I t  
- 1 w w l L  
U C C G  
2 0 0 3  c. 000 
c o o 0  
I- 0 0 0  a 0 0 0  
0 0 0 0  
O . . .  
U N 3h’ 
a 1  
a m 0 0  
r - 4 m m r o  
c 
. 












v 1 0  
3 -  
Z I  
v) OIL: 
P e o  c e o  
P z, 0 
fx - 1 0  w c3 0 
ulc 
LL wo 

























a a a  z ++I- 
0 rncnrn 
a 









































- 4 4  d 
0 0 0  
I S 4  
C L L W  
0 0 0  
0 0 0  
c c o  
c c c  
c o o  
m” J 




W N r n  
1 1 1  







C r -  
3 0  
Q 
r w  
c c  u o  
0 
u t 0  
u o  
4 0  
t h W h W N V ( V D @ @ D  
c . - t c . - c . - l o ~ o c G o  
e j t 1 1  f t t t l l  t 
W W U W W I U W W W  W W U  
c c c c  o c c c c c c c  
c c c c o G o o o c c o  
0 0 0 0 0 0 0 0 0  0 0 0  
O O O O O O O O O O O O  
000000000000 
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 3  
0 0 LT’ 0 m 0 In 0 In rn M m 
M d  NU’ h‘(P (V m N  NN N 
......* e.... 
**3** 
-c . -cc  
l 1 * 1 1  
W W W W L r l  
C C C C C  
c o o o c  
0 0 0 0 0  
0 0  0 c o  
00000 
0 0 0 0 0  
0 0 0 0 0  
00000 
0 0 0 0 0  
OlFOLnO 

















l n o  
e o  z m  
W . . .  z O O N  
I. I 
.... 



















































































































































































































c o  
t o  
r w  
C 
w o  
v o  
z 0  a 0  
Y O  
U 
a +  
a 0  a 0  ....... 






































































Mattin Marietta Carporation 
Denver, Colorado 
August 25, 1969 
I X  . REFERENCE S 
1. Joseph,  A.E. ; and Richard,  R. J. : Space Research Conic Pro- 
gram. Engineer ing Planning Document 406,  J e t  Propuls ion 
Laboratory,  J u l y  1966. 
2 .  Danby, J. M. A , :  Mat r izant  of Kepler ian Motion. AIAA J . ,  - 3 ,  
no. 4 ,  Apr. 1965. 
54 1 
